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(54) Photothermographlc material, novel 2,3-diliydrDthiazole derivative, and photographic silver 
halide photosensitive material 

(57) A photothermographic material contains an 
organic silver salt, a photosensitive silver halide. a 
reducing agent, a binder, and a compound of the for- 
mula: X'LyD wherein D is an electron donative group of 
atoms. X Is an adsorption promoting group to silver hal- 
ide. and is a valence bond or a linking group. It has 
high sensitivity in the red to infrared region and experi- 
ences a minimal change of photographic properties 
under different developing conditions. 
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a semicarbazido group or a hydroxylsemicarbazido group. 

Preferably, the reducible silver source (a) is an organic silver salt, especially a silver salt of an organic acid, the pho- 
tocatalyst (b) is a photosensitive silver halide and/or photosensitive silver halide-forming component: and the reducing 
agent (c) is a bisphenol. Also preferably, the photocatalyst (b) is spectrally sensitized in a wavelength region of 750 to 
5 1 ,400 nm. 

The photothermographic material may further contain (Q at least one hydrazine compound. 
The compound of formula (I) is preferably added in an amount of 10'^ to 0. Vmol per mol of silver. 
In a second aspect, the present invention provides a novel 2,3-dihydrothiazole derivative of the following general 
formula (II): 



IS 




. . . (II) 



L2-SM1 

wherein each of and R2 is a hydrogen atom, aliphatic hydrocarbon, aryl or heterocyclic group, Lb is a valence bond 
20 or a linking group. L2 is an alkylene group, each of Ra and R^ is a hydrogen atom or monovalent substituent group, and 
Ml is a hydrogen atom or cation, R^ and R^. and R^ and R2 may form a ring, taken together. 

Also contemplated herein is a photographic silver halide photosensitive material comprising at least one 2.3-dihy- 
drothiazole derivative of formula (II) which is preferably a photothermographic material. 

25 DESCRIPTION OF THE PREFE RRED EMBODIMENTS 

According to the invention, the thermographic photosensitive material contains a compound of the general formula 
(I). The inclusion of this compound ensures sufficient supersensitization effect in the red to infrared region, espedally 
in the practically advantageous infrared region and suppresses a change of sensitivity and other photographic proper- 
30 ties under varying development conditions. When the photosensitive material further contains a hydrazine derivative, 
high contrast images are obtained and a change of gradation under different development conditions is minimized. 

The compound of general formula (I) is described in detail. 

X-Li-D (I) 

35 

D is an electron donative group of atoms. The electron donative group of atoms represented by D is a group of 
atoms containing at least one of carbon, nitrogen, oxygen and sulfur atoms. Exemplary electron donative groups 
include amino groups, groups complying with Kendall-Petz rule, and monovalent groups derived from metal salts or 
metal complexes (e.g.. pherocenes), and combinations thereof. The groups complying witii Kendall-Pelz rule are, for 

40 example, a hydrazine group (except for a hydrazine group which is a part of a semicarbazido group, no 0x0 group is 
substituted to tiie carbon atom which is directiy attached to a nitrogen atom of the hydrazine), a hydroxylamino group, 
a hydroxamic acid group, a 8emicart}azido group, and a hydroxylsemicart»zido group as well as monovalent groups 
derived from hydroquinones, pyrocatechols. o-aminophenols, p-antinophenols, o-phenylenediamlnes, p-phenylenedi- 
amines, ascorbic acids, hydroxyteti'onic adds, a-ketols, a-aminoketones. hydrocoerulignones. and hydrazones. 

45 The electron donative group of atoms represented by D may have a substituent. Exemplary substituents include 
alkyi groups inclusive of cydoalkyi and aralkyi groups, preferably having 1 to 20 carbon atoms, more preferably 1 to 12 
carbon atoms, most preferably 1 to 8 carbon atoms, for example, methyl, etiiyl. n-propyl, iso-propyl, n-butyl, tert-butyl. 
n-heptyi, n-oclyl, n-decyl, n-undecyl. n-hexadecyl, cyclopropyl, cyclopentyl, cyclohexyl, benzyl, and phenetiiyl; alkenyl 
groups, preferably having 2 to 20 carbon atoms, more preferably 2 to 12 carbon atoms, most preferably 2 to 8 carbon 

60 atoms, for example, vinyl, allyl. 2-butenyl, and 3-pentenyl; alkynyl groups, preferably having 2 to 20 cartx>n atoms, more 
preferably 2 to 12 carbon atoms, nrtost preferably 2 to 8 carbon atoms, for example, propargyl and 3-pentynyl; aryl 
groups, preferably having 6 to 30 carbon atoms, more preferably 6 to 20 carbon atoms, most preferably 6 to 12 carbon 
atoms, for example, phenyl, p-methylphenyl, and naphthyl; amino groups, preferably having 0 to 20 carbon atoms, more 
preferably 0 to 1 0 carbon atoms, most preferably 0 to 6 carbon atoms, for example, amino, methylamino, dimethylamino, 

55 diethylamino, and dibenzylamino; alkoxy groups, preferably having 1 to 20 carbon atoms, more preferably 1 to 12 car- 
bon atoms, most preferably 1 to 8 carbon atoms, for example, methoxy, etiioxy, and butoxy; aryloxy groups, preferably 
having 6 to 20 carbon atoms, more preferably 6 to 16 carbon atoms, most preferably 6 to 1 2 carbon atoms, for example, 
phenyloxy and 2-naphtiiyloxy: acyl groups, preferably having 1 to 20 cartx>n atoms, more preferably 1 to 16 carbon 
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1 to 12 carbon atoms, for example, acetyl, benzoyl, formyl. and pivaloyl; alkoxycaibonyl arouDs 

2 to 20 ca*on atoms, more preferably 2^o 16 carbon aS3 prSr2^o 
12 carton atoms for example, methoxyca*^^^^^ 

njrtamino: sulfonylam.no groups, preferably having 1 to 20 carbon atoms, more preferably 1 to iTSrtai 

pre^eraWy 1 to 12 ca*on atoms, for example, methanesulfonylamino and berSer^Siill no^SrJSTS^ 

preferably ha>.ngO to 20 carbon atoms, more preferably 0 to 16 ca*on atoms. mo^SSjT to laSnSS' 

1 to 20 carbon atoms, more preferably 1 to 16 carbon atoms, most preferably 1 to 12 carbon aton« torZ^Tr.f 
bamoyl. methylcarijamoyi, diettvlcarbamoyl. and Phenyloarbamoyl; alMS^oups p^feS^rh^^^^^ 

n?o^^r'^f''^*^^^*^'"3^'°2°'^«toms. more preferably 6 to 16 carbon^toms mSprler^lVe 
1^ r 9~"P=' P'^^'^'^y '^'^ 1 to 20 carbon a^T^re?^^ 

mXV.,^«w^ K^**""'- ""I'' ""'""^^ ' *° n^ost preferably 1 to 12 «,bon aS^'^r^SS? 

m^anesulfinyl and benzenesulfinyl; ureido groups, preferably having 1 to 20 cartoon atoms more wSiS^T^^ifi 
carbon atoms, m^t preferably 1 to 1 2 ca*on atoms, for example. ureWo. methylureldoShenWurS^h^ °o^ 
am.de groups, preferably having 1 to 20 carbon atoms, more preferably 1 to 16 carbon atoms most orSe^S^to^ 
SSnT'- ^-^e phenylphoihoric amide: h>S^grup:m1S^^ 'g ouo 
oho^^.^^ fluonne. chlorine, bromine and iodine atoms; cyano group; sulfo grouprsulfS^o gro^LSi 
group, phosphono group; phosphm group; nitro group; hydroxamic acid group; hydrazine group- imino group- 
erocycLc groups such as imidazolyl, pyrldyl, furyl. piperidyl. and morpholino. Among the forSgo^ fl^ZI SiSe^ou^ 

ie^tial orlieror """^'"^ ""^ ^^^^ " moreLbst5,e:£. th^ 

flrvi mtZf* substituents are alkyl. alkenyl. aralkyl. aryl and heterocyclic groups. More preferred are alkyi aralkyi arvl 
and heterocyclic groups. Alkyi groups are most preferred subsauents w are aiiqfi, araiKyi. aryi 

o hJH^ '^°"u^^ °* represented by D is preferably an amino group, a hydrazino arouo fexceot for 

Sir^S^a^^TJj'l; " ^ !,«f^«*azido group, no oxo group is subltitut^ to^e^lTSSm v^th ?s 
dirertly attached to a nrtrogen atom of the hydrazine), a hydroxylamino group, a hydroxamic acid arouo a sZta 

t^S'Sj3^:5^"^T''*^ ^^^"^ amino'hy^inSTJmiSSSJ^grou^^^^^^^^^ 

ther prefeired is a group of atoms represented by the following general fbrinula (D-l). (D-2) or (D-3). 
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(D-l) 

5 



10 (D-2) 



15 

(D-3) 

20 



25 

In the formulae, each of Ri, R2, R3, R4. R5, Re. R7. Rs. and Rg is a hydrogen atom, aliphatic hydrocarbon group, 
aryl group or heterocyclic group. 

30 The aliphatic hydrocatton groups represented by Ri to R9 include normal, branched or cyclic alkyi groups, prefer- 
ably having 1 to 30 carbon atoms, more preferably 1 to 20 cartx)n atoms, most preferably 1 to 12 carbon atoms, for 
example, methyl, ethyl, n-propyl, iso-propyl, n-butyl. tert-butyl, n-heptyl, n-octyl, n-decyl. n-undecyl, n-hexadecyl, cyclo- 
propyl. cyclopentyi, and cyclohexyl; alkenyl groups, preferably having 2 to 30 carbon atoms, more preferably 2 to 20 car- 
bon atoms, most preferably 2 to 12 carbon atoms, for example, vinyl, allyl, 2-butenyl, and 3-pentenyl: and alkynyl 

35 groups, preferably having 2 to 30 cart)on atoms, more preferably 2 to 20 carbon atoms, most preferably 2 to 12 carbon 
atoms, for example, propargyl and 3-pentynyl. with the alky! groups being preferred. 

The aryl groups represented by Ri to R^ include monocyclic or bicyclic aryl groups, preferably having 6 to 30 car- 
bon atoms, for example, phenyl and naphthyl. More preferred are phenyl groups having 6 to 20 cart)on atoms, espe- 
cially 6 to 12 carbon atoms. 

40 The heterocyclic groups represented by Ri to R9 include 3- to 1 0-membered, saturated or unsaturated heterocyclic 
groups containing at least one of nitrogen (rj). oxygen (O). suKur (S). and selenium (Se), which may be monocyclic or 
form a fused ring with another ring. 

Prefen-ed heterocyclic groups are 5- or 6-membered aromatic heterocyclic groups, more preferably 5- or 6-mem- 
bered aromatic heterocyclic groups containing a nitrogen atom, further preferably 5- or 6-membered aromatic hetero- 

45 cyclic groups containing one or two nitrogen atoms. 

Illustrative examples of the heterocyclic group include monovalent groups derived from pyrrolidine, piperidine. pip- 
erazine, morpholine, thiophene. furan, pyrrole, imidazole, pyrazole. pyridine, pyrazine, pyridazine. triazole, triazine, 
indole, indazole. purine, thiadiazole, oxadlazole, quinoline, phthalazlne. naphthyridine, quinoxaline. quinazoline. cinno- 
line, pteridine, acridine, phenanthroline, phenazine. tetrazole, thiazole, oxazole. benzimidazole, benzoxazole. benzothi- 

so azole. benzoselenazole. benzotriazole. and tetraazaindene. Preferred heterocyclic groups are monovalent groups 
derived from thiophene, furan, pyrrole, imidazole, pyrazole, pyridine, pyrazine, pyridazine. indole, indazole, thiadiazole, 
oxadiazole, quinoline, phtiialazine. quinoxaline, quinazoline. cinnoline, thiazole, oxazole, benzimidazole. benzoxazole, 
and benzothiazole. More prefenred are monovalent groups derived from thiophene. furan, imidazole, and pyridine. The 
monovalent group derived from pyridine is most preferred. 

55 The aliphatic hydrocarbon, aryl and heterocyclic groups represented by R^ to R9 may have a substituent which is 
as exemplified for the substituent on D. 

Alternatively, Ri and R2. R3 and R4, R4 and R5, Rg and R7, R7 and Rg, and Rg and Rg. taken togetiier. may forma 
ring. The preferred rings Rs form are 5- to 8-membered nitrogenous heterocycles, more preferably 5- or 6-membered 
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nitrogenous saturated heterocycles. Exennplary rings include pyrrolidine, piperidine. piperazin . nnorphollne. pyrroline, 
imidazoline, imidazolidine. pyrazolidine. pyrazoline, indoline. isoindoline, perhydroxyazepine. and hexahydropyridazlne. 

Each of Ri and Rg is preferably a hydrogen atom, aliphatic hydrocartDon or aryl group, more preferably hydrogen, 
alkyi or phenyl, most preferably alkyl. Also preferably, R-i and R2. taken together, form a nitrogenous saturated hetero- 
cyde, preferred examples of which are pyrrolidine, piperidine. and morpholine. 

Each of R3, R4. and R5 is preferably an aliphatic hydrocarbon or aryl group, more preferably alkyl or phenyl, most 
preferably alkyl. Also preferably, R3 and R4. or R4 and R5, taken together, form a nitrogenous saturated heterocyde. 
Preferred examples of the ring formed by R3 and R4 are pyrazolidine. hexahydropyridazlne, and 2.3<liazabicyclo- 
[2.2.1 ]heptane. Preferred examples of the ring formed by R4 and R5 are pyrrolidine, piperidine, azepane (perhy- 
droxyazepine) and azokane, with the pyrrolidine and piperidine being more preferred. 

Each of Re and R7 is preferably a hydrogen atom, aliphatic hydrocartjon or aryl group, more preferably hydrogen, 
alkyl or phenyl, further preferably hydrogen or alkyi, most preferably hydrogen. 

Each of Re and R9 is preferably a hydrogen atom, aliphatic hydrocarbon or aryl group, more preferably hydrogen, 
alkyl or phenyl, most preferably hydrogen or alkyl. Also preferably. R0 and R9. taken together, form a nitrogenous satu- 
rated heterocyde, preferred examples of which are pyrrolidine and piperidine. Most preferably, Ra and R9 are hydrogen. 

In formula (I), X is a group capable of promoting adsorption to silver halide. The adsorption promoting group repre- 
sented by X is a group containing at least one atom of cartoon (C), nitrogen (N). oxygen (O), sulfur (S), and selenium 
(Se). Exenplary are thioamides (inclusive of cyclic and acydic thtoamides), thioureas, thiosemlcarbazides (e.g., 4-thi- 
azoline-2-thion, 4Hmidazoline-2-thion. 2-thiohydantoin, rhodanine. thiobart)ituric acid, 1.2,4-triazoline-3-thion, 1,3.4- 
Qxazoline-2-thion. benzimidazoline-2-thion. benzoxazoline-2-thion, benzotiiiazolidlne-2-thion, thiotriazine. and 1.3-imi- 
dazoline-2-thion), mercapto groups (inclusive of aliphatic mercapto groups and aromatic mercapto groups), heterocy- 
clic mercapto groups (Where a nitrogen atom adjoins the carbon atom to which -SH group is attached, they are of the 
same definition as the ttiioamide groups in tautomerism therewith. Examples of such group are the same as mentioned 
above. Prefen-ed examples of the heterocyclic mercapto group are 5- or 6-membered nitrogenous aromatic heterocyclic 
mercapto groups such as mercaptotetrazole, mercaptotriazole, mercaptoimidazole, mercaptothlazole, mercaptotiiiadi- 
azole, mercaptooxazole, mercaptooxadiazole, mercaptobenzothiazole, mercaptobenzoxazole, mercaptobenzimida- 
zole. mercaptobenzoselenazole, mercaptopyrimidine, and mercaptotriazine.), disulfide groups (indusive of aliphatic 
disulfides, aromatic disulfides, and heterocyclic disuKkies), thioether groups (indusive of aliphatic thioethers. aromatic 
thioethers, and heterocydic thioethers). nitrogenous heterocycles (preferably 5- or 6-membered aromatic heterocycles, 
such as benzotriazoie, triazole, tetrazole. indazole, benzimldazole, imidazole, benzothiazole, thiazole, thiazoline, ben- 
zoxazole, oxazole, oxazoline. thiadiazole, oxathiazole, triazine. and azaindene). and quaternary nitrogenois heterocy- 
clic salts (e.g., benzothiazolium. benzoxazolium, and benzoimidazolium). 

The adsorption promoting group to silver halide represented by X may have a substituent, which is as exemplified 
for the substituent on D. 

Preferably, the adsorption promoting group to silver halide represented by X is a thioamide or mercapto group, 
more preferably a mercapto group, further preferat^y a heterocycle-substituted alkylmercapto group, especially an 
alkyimercapto group having a 2,3-dihydrobenzothiazole skeleton as a substituent. 

In formula (I), is a valence bond or a divalent or trivalent linking group. Where is a trh/alent linking group, one 
chain end of to be attached to D or X forms a divalent group (e.g., ^N-} obtained by eliminating two hydrogen atoms 
from the atom at the chain end. 

The divalent or trivalent linking group represented by is at least one atom of carbon, nitrogen, sulfur, and oxygen 
or a group of atoms containing such an atom. Examples include alkylene, alkenylene. alkynylene, arylene, divalent het- 
erocyclic, -0-, -S-. ■N(Roi)-. -N=:, -CO-, -SO2-. alone or in admixture of two or more wherein R01 is hydrogen or a 
hydroxy, aliphatic hydrocarbon, aryl or heterocyclic group. If possible, these groups may have a substituent, which is as 
exemplified for the substituent on D. 

Examples of the divalent or trivalent linking group represented by are given below. 
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-CHg— . — CHaCHg — • — CHaCHaCHg 




— CHaGHaOCHzCHa — ^ — CHaCHaSCHaCHa 

— SCHaCHg — , — CHaCHaNHCHaCHa- , =N— CHaCHg 

=N— CHaCHaCHa — — CNHCHa , — CNHCHaCHa — 




NHCNH-CHaCHa— — NHCNHCHaCHaCHa — 
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Where D is an amino or hydrazino group, Li is preferably a divalent or trivalent linking group. 
Preferred among the compounds of formula (I) are compounds of the following general formula (l-a): 
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wherein D is as defined in formula (1), with Its prefen'ed range being the same, l-a is a valence bond or a divalent or tri- 
yalent linking group, L2 is an alkylene group, each of and R), is a hydrogen atom or monovalent substituent group, 
and M^^ is a hydrogen atom or cation. 

The divalent or trivalent finking group represented by is at least one atom of carbon, nitrogen, sulfur, and oxygen 

IS or a group of atoms containing such an atom. Examples include alkylene, alkenytene, alkynyiene. arylene. divalent het- 
erocyclic. -0-, -S-, -N(Ro2)'. *N=, -CO-, -SO2-, alone or in admixture of two or more wherein R02 Is hydrogen or a 
hydroxy, aliphatic hydrocarbon, aryl or heterocyclic group. If possible, these groups may have a substituent, which is as 
exemplified for the substituent on D. Preferably, the divalent or trivalent linking group represented by is a linking group 
consisting of =N- combined with an alkylene group (inclusive of normal, branched and cyclic ones, preferably having 2 

20 to 6 carbon atoms, more preferably 2 to 4 carbon atoms, further preferably 2 or 3 cartx^n atoms). =N- combined with an 
arylene group (preferably having 6 to 20 carbon atoms, more preferably 6 to 1 6 carbon atoms, further preferably 6 to 1 2 
carbon atoms), or =N- combined with an aralkylene group (preferably having 7 to 20 cartx)n atoms, more preferably 7 
to 16 carbon atoms, further preferably 7 to 12 carbon atoms), with the linking group consisting of and an alkylene 
group being more prefenred. Examples of the alkylene, arylene and aralkylene Include ethylene, trimethylene, propyl- 

25 ene, tetramethylene, pentamethylene, hexamethylene, 1 ,2-cyclohexylene. phenylene, naphthyiene, and xylylene. Eth- 
ylene, trimethylene, and propylene are preferred, with the ethylene and trimethylene being especially preferred. 

The alkylene group represented by L2 may be normal, branched or cyclic and preferably has 2 to 6 cartx)n atoms, 
more preferably 2 to 4 cartxsn atoms, further preferably 2 or 3 carbon atoms. The alkylene group may have a substitu- 
ent. which is as exemplified for the substituent on D. Preferred examples of the alkylene group include ethylene, trimeth- 

30 yiene, propylene, tetramethylene, and 1 ,2-cyclohexylene. Ethylene, trimethylene. and propylene are more pretended, 
with the ethylene and propylene being further prefened. Ethylene is the most preferred alkylene group. 

The substituent groups represented by and R^, are as exemplified for the substituent on D. Preferred substituent 
groups are alkyi, aralkyl. aryl groups and halogen atoms, with the alkyi and aryl groups being more preferred. Alterna- 
tively, Ra and Rb> taken together, may form a ring, examples of which include unsaturated hydrocarbon rings (ag., 

35 cyclopentene and cyotohexene) and unsaturated heterocycles (e.g., pyridine, pyrimldlne, and pyrazole). Of these, aro- 
matic hydrocarbon rings and aromatic heterocycles are preferred, and aromatic hydrocarbon rings are more preferred, 
with a benzene ring being most preferred. 

Preferably, each of R^ and R^ is a hydrogen atom, an alkyI or aryl group, or R^ and Rjj. taken together, form an aro- 
matic hydrocarbon ring. More preferably, each of Rg and Rb is a hydrogen atom, an alkyI or aryl group, or R^ and Rb. 

40 taken together, form a benzene ring. Further preferably, Rg and R^. taken together, form a benzene ring. 

The cation represented by is selected from organic and inorganic cations, for example, alkali metal ions such 
as Li*, Na*, K"^, and Cs*. alkaline earth metal ions such as Ca^* and Mg^*, ammonium ions such as ammonium and 
tetrabutylammonium, pyridinium ion, and phosphonium ions such as tetrabutylphosphonium and tetraphenylphospho- 
nium. Preferably, Is a hydrogen atom or alkali metal ion, with the hydrogen being most preferred. 

45 More preferred among the compounds of formula (1) are compounds of the following general formula (I-b): 



so 




(I-b) 



L2-SM1 

55 

wherein D is as defined in formula (1), with its pretended range being the same, Rg, R^. M^, and L2 are as defined in for- 
mula (l-a). with their preferred range being the sam , and Lb is a divalent or trivalent linking group containing at least 
one cart)on atom. 
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The divalent or trivalent linking group represented by is an alkylene group, an arylene group or a combination of 
such a group with -0-, -S-, -N(Ro3)-, -N=, -CO- or -SO2- wherein R03 is hydrogen or a hydroxy, aliphatic hydrocartwn, 
aryl or heterocyclic group. Preferably, L5 is a divalent linking group. The preferred divalent linking groups represented 
by Lb include alkylene groups which may be nornrral. branched or cyclic and preferably have 2 to 8 caibon atoms, more 
preferably 2 to 6 carbon atoms, most preferably 2 or 3 carbon atoms and arylene groups which preferably have 6 to 18 
carbon atoms, more preferably 6 to 16 carbon atoms, further preferably 6 to 12 carbon atoms. Illustrative examples of 
the divalent linking group include ethylene, trimethylene, propylene, tetramethylene, pentamethylene, hexamethylene, 
1.2-cyclohexylene, phenylene, and naphthylene. Ethylene, trimethylene, propylene, and tetramethylene are prefen^ed, 
with the ethylene and trimethylene being especially preferred. 

Further preferred among the compounds of formula (1) are compounds of the following general formula (II): 



wherein and R2 are as defined in formula (D-1), with their preferred range being the same, Rq, Rb. M^, and ^re 
as defined in formula (1-a), with their preferred range being the same, and is as defined in formula (l-b). with its pre- 
ferred range being the same. 

Still further prefen-ed among the compounds of formula (0 are compounds of the following general formula (Il-a): 



In formula (Il-a), Ri and R2 are as defined in formula (D-1), with their prefen-ed range being the same. is as 
defined in formula (l-a). with its preferred range being the same. Lc is an alkylene group. R is a monovalent substituent 
group. Letter n is an integer of 0 to 4. and p is an integer of 2 to 4. 

The alkylene group represented by Lc niay be normal, branched or cyclic and preferably have 2 to 6 carbon atoms, 
more preferably 2 to 4 carbon atoms, most preferably 2 or 3 carbon atoms. Illustrated examples of the alkylene group 
include ethylene, trimethylene, propylene, tetramethylene, pentamethylene. hexamethylene. and 1.2-cyclohexylene. 
Ethylene, trimethylene, propylene, and tetramethylene are preferred, with ethylene, trimethylene and propylene being 
more preferred. Ethylene and trimetiiylene are especially preferred. 

The substituent group represented by R is as exemplified for the substituent on D. Prefenred substituent groups are 
alkyl, aralkyl. aryl groups and halogen atoms, with the alkyi and aryl groups being more preferred. 

Letter n is preferably an integer of 0 to 2, more preferably 0 or 1 , further preferably 0. Letter p is preferably equal to 
2 or 3. more preferably 2. 

Illustrative, non-limiting examples of the compound of formula (Q are given below. 




(II) 



L2-SM1 




(Il-a) 



(CH2)pSM, 



10 



EP 0 838 722 A2 



N-N 
N 




'NHjjJNHNHz 
O 

N-N 

n' 3— SH 

N 




CH3 ^CHg 

NHjpNH-fCHa^ N~N 

N— N 

n' 3— SH 

N 



II f"»^ 

NHjj)NH-{CH2)^N— N^^J 




N— N 

n; >-sH 

N 




CH3 J . 

NHpNH-(CH2)7-N— N^^ J 



f ■ - 

O 

N-N 
N^ J^SH 




CH3 

NHCNH-fCHal^N^ 
° • HCI 



11 



EP0838 722 A2 




12 



EP 0 838 722 A2 



11. 




CONHOH 



IS 



20 



SS 



\2, 



N-N 

n' 3— SH 

N 




NH<j;NH-(CH2)j-N 
O 




CHg 



CH=N— N 



CHa 



30 



35 



13. 



N-N 

n' y—sH 

N 




NHjj;NH-(CH2}j-NH2 



40 



45 



SO 



14. 



N-N 



CHa 



N— N I 



CHg— C— NH (CHa^ f- 

II 3 \^ 

O 



55 



13 




14 



EP 0 838 722 A2 



20. 



10 



IS 



20 



21. 



22. 

2S 



30 



35 23. 



40 



45 

24. 



N 




CH3 



^NHCNH-fCH2)jN-N^^ 

M 



o 

■SH 

-N 




CH3 



NHCNH-(CH2)jN-n;^ 



N-N 

n!^ ^SH 



N 




NH-C-fCH2)jN-N^ 

^ CH2CH2CO2H 



N-N 



N 




NHCNH-(CH2)rNHC— N-OH 
II ^ '3 II I 
O O CH3 



HS-^ II 1 CH 
^ ^" ^NHCCHa 



55 



15 



EP0 838 722 A2 




CH2CH2SH . HBr 




S 



>=N-fCH2-)-N 

I X 

CH2CH2SH . HBr 



CH, 



^3 




s 



CH2CH2SH . HBr 



1^^^ )=N-CH2CH2N— OH 
y CH3 

CH2CH2SH 



/CH3 

^CHa 



CH2CH2SH 



Oc>— O 



CH2CH2SH 



16 



EP0838 722 A2 



I NHCNHNH2 

CH2CH2SH A 



I NHCNH-(CH2)-N-N J 

CH2CH2SH 11 



.CH3 



CH2CH2SH 




CH2CH2CH2SH 



17 



EP0 838 722 A2 



35. 



20 



30 



HaNNHCNH— S— S— NHCNHNHa 
O O 



10 

36. 

IS 



' \— NHCNH-/~"\— S— S— NHCNH— 



37. 



35 

38. 



40 



45 

39. 



H3C" H \CH3 



CH3 



"C4H9NHCNH-{CH2)^N " 



/~y-NHCNH-{CH2)-N( 



55 



18 



EP 0 838 722 A2 



40. 



10 



20 



30 



3S 



4S 



SO 



SS 



42. 



45. 



41. CH3 




O 



C-N— OH 



H 



43. CH 

I 



N 

H 



CH, 



H 



(CH2)j-N-nQ 
CH, 



19 



EP0 838 722A2 




20 



EP 0 838 722 A2 



51. 



NHNHC-N-OH 

I 

CH, 



10 

52. 

IS 



20 



UcH^H NHNHO-N-OH 

O CHg 



(^J[^ ^N— CH2CH2NHCNHOH 
CH2CH2SH 



53. 




30 

54. 

35 



^N— CH2CH2C-N-OH 

CH2CH2SH 




CN 
>-SH 
N 



^ NHNHCNHOH 

n 

O 



55. 



so 



OH 



N_X^:^CONHCH2CH2-/ VoH 



55 



21 



EP0 838 722 A2 



56. 





I' • J--. 



57. 



58. 



59. 



60. 



NHCNH-/ 
S 




as C»s 
^)^NCH2CH2CH2N-N^^ 



CH2CHCH2SH 



I 

CH 



j^^)=NCH2CH2N^ 



I 

CH2CH2CH2SH 




CI2 



X ^NCH2CH2CH2NC'^*"* 
CH2CH2SH 



Oys OH, y I 

|| >"NCH2CHCH2N 
CHaCHaSH 



The aforementioned exemplary compounds may be ones in tautomerism therewith. 

The adsorption promoting group to silver halide represented by X in the compound of formula (0 is described in the 
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as taught therein. 
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40665/1975 

9939/1983 
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3,512,982 • 3,535,115 3,544,336 

3 , 576, 638 3 , 598, 602 3 , 615 , 616 

3 , 622 , 340 3 , 630, 745 3 , 642 , 481 

10 3,655,391 3,671,255 3,759,901 

3 , 813 , 249 3 , 841, 878 3 , 844, 788 

3,900,321 3,909,268 3,910,791 

3,910,792 3,915,710 3,954,478 

4,003,746 4,418,140 
UKP 

948,422 952,162 965,047 

972, 211 1, 021, 199 1, 064, 805 

1,065,669 1,129,623 1,161,264 

1,165,075 1,246,311 1,249,077 

2^ 1,269,268 1,287,284 1,290,868 

1,344,525 1,308,777 1,347,544 

1,387,654 1,389,089 1,394,371 

1,402,819 1,459,160 

German Patent 1,107,508 1,447,796 
French Patent 

1,351,234 1,467,510 2,005,204 

2,015,456 2,093,209 
Belgian Patent 

671,402 681,359 737,809 
OliS 

1,962,605 2,031,314 2,205,029 

2.217,153 2,501,261 2,553,127 
4s DAS 1,772,424 

Research Disclosure No. 13651 
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SO With respect to the synthesis of and D moieties and reaction to form X-L^ and L^-D bonds, reference should be 
made to the literature regarding organic synthetic reaction, for example, Japanese Chemical Society Ed„ New Experi- 
mental Chemistry Series No. 14, Synthesis and Reaction of Organic Compounds, Vol. I to V, Maruzene, Tokyo, 1977, 
Yoshiro Ogata, "The Theory of Organic Reaction." Maruzene. Tokyo. 1962. and L F. Fieser and M. Fieser, Reagents for 
Organic Synthesis, vol. 1 to 17. Wiley- Interscience, J. March, Advanced Organw Chemistry. Wiley-lnterscience. Tlie 

ss synthesis reaction is exemplified by the following Synthesis Exanples 1 to 8. 
TTie synthesis of conrpounds of formula (i) is described below. 
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Synthesis Example 1 : Synthesis of Compound 1 

To a stirred solution of 2.50 g (0.050 mol) of hydrazine monohydrate inIO ml of acetonitrile under a nitrogen atmos- 
phere at room temperature. 3.13 g (0.010 mol) of phenyl [3-(5-mercaptotetrazoI-1-yl)phenyl]-carbamate was added in 
5 divided portions. After 2 hours of agitation, the precipitated solid was f Dtered and recrystallized from methanol, yielding 
1.83 g (0.0073 mol) of the end compound. 

Yield 73% 

m.p. 1 65-1 66°C (decomposition) 

10 

Synthesis Example 2: Synthesis of CompQund 3 

To a mixture of 5.0 g (0.016 mol) of phenyl [3-(5-mercaptot6trazol-1-yl)phenyl]-cart}amate. 2.9 g (0.035 mol) of 2- 
methylimidazole. and 50 mol of acetonitrile was added 2.8 g (0.018 mol) of N-methyl-N-pyrrolidin-l-yl-propane-1.3- 
IS diamine. The mixture was heated under reflux for 30 minutes in a nitrogen atmosphere. After water cooling, the precip- 
itated solid was filtered and boiled with 1 00 ml of methanol tor 30 minutes for washing. The solution was allowed to cool 
down and the crystals were collected by filtration, obtaining 4.0 g (0.0106 mol) of the end compound. 

Yield 66% 
20 m.p 196-198«C 

Synthesis Example 3: Synthesis of Compound 40 

To a mixture of 3.4 g (0.017 mol) of (7-hydroxy[1,2.4]triazolo[1.5-a]pyrimidin-5-yf)-acetic acid, 3.0 g (0.019 mol) of 
25 N-methyl-N-pyrrolidin-1 -yl-propane-1 ,3-diamine, and 25 ml of dimethylformamide was added 3.6 g (0.017 mol) off dicy- 
clohexyicarbodiimide. The mixture was heated and stirred for 3 hours at an external temperature of 45''C. The reaction 
mixture was allowed to stand overnight at room temperature. The precipitated solid was filtered and the solvent was dis- 
tilled off from the filtrate under vacuum. Ethanot was added to the residue and ethyl acetate was added to the solution 
for crystallization. This operation was repeated five times. The resulting crystal was collected by filtration, obtaining 1 .74 
30 g (0.0052 mol) of the end compound. 

Yield 31% 
m.p. 95-97*0 

35 Synthesis Example 4: Synthesis of Compound 25 

A mixture of 5.48 g (0.020 mol) of 2,3-dihydrothiazole[2.3-b]benzothiazolium bromide, 1.76 g (0.020 mol) of N.N- 
dimethylethylenediamine, and 70 ml of 2-propanol was stin-ed for 6 hours at 50**C. The mixture was cooled to room tem- 
perature and the precipitated solid was collected by filtration. Recrystallization from ethanol yielded 5.0 g (0.0138 mol) 
40 of the end compound. 

Yield 69% 
m.p. 168-169«C 

4s Synthesis Example 5; Synthesis of Cqittpqutki 2g 

A mixture of 5.48 g (0.020 moQ of 2,3-dihydrothiazole[2,3-b]benzothiazolium bromide, 2.04 g (0.020 mol) of N,N- 
dimethyl-1 .3-propanedi amine, and 40 ml of 2-propanol was stirred for 5 hours at 80*C. The mixture was cooled to room 
temperature and the precipitated solid was collected by filtration. Recrystallization from ethanol yielded 3.95 g (0.0105 
so mol) of the end compound. 

Yield 53% 

m.p m-ue^c 

55 Synthesis Example 6: Synthesis of Compound 27 

A mixture of 5.48 g (0.020 moQ of 2,3-dthydrothiazole-[2,3-b]benzothiazoiium bromide, 2.60 g (0.020 mol) of N.N- 
dimethyl-1.3-propanediamine, and 50 ml of methanol was stirred for 8 hours at SO^'C. The mixture was cooled to room 
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temperature and the precipitated solid was collected by filtration. Recrystallization from 2-propanol/n-hexane yielded 
6.30 g (0.0156 mol) of the end compound. 

Yield 78% 
m.pL 143-145*'C 

Synthesis Example 7: Synthesis of ComoQund 35 

Synthesis was performed according to the following scheme 1 . 

Scheme 1 




A solution of 12.4 g (0.050 mol) of 4,4-dithlodianiline in 100 ml of acetcnitrile was ice cooled below 5°C. In a nitro- 
35 gen atmosphere, 7.78 mol (0.10 mol) of pyridine was added to the solution and then. 15.7 g (0.10 mol) of phenyl chlo- 
rofbrmate was slowly added dropwise such that the temperature of the reaction mixture might not exceed 10**C. After 
the completion of addition, the reaction mixture was stirred for 30 minutes below 5°C and then for 2 hours at room tem- 
perature. The precipitated solid was collected by filtration and washed with acetonitrile, yielding 23.2 g (0.0475 moO of 
Compound (A). 

40 In 25 ml of dimethylacetamide (DMAc) was dissolved 12.2 g (0.025 mol) of Compound (A). With stirring at room 
temperature, 10.0 g (0.20 mol) of hydrazine monohydrate was added dropwise. The mixture was stin-ed for one hour at 
room temperature whereupon ice water was added. The precipitated solid was collected by filtration, washed with 
water, and recrystallized from dimethylformamlde/methanol. obtaining 6.10 g (0.0167 md) of Compound 35. 

45 Yield 67% 

m.p. 208-209°C 



Synthesis Example 8: Sy nthesis of Compound 36 



50 In 25 ml of dimethylacetamide was dissolved 1 3.3 g (0.0272 moO of Compound (A) prepared in Synthesis Example 
7. With stirring at room temperature. 12.0 g (0.20 mol) of N.N-dimethylhydrazine was added dropwise. The mixture was 
stinred for 24 hours at room temperature whereupon water was added. The mixture was extracted with ethyl acetate. 
The organic layer was washed with a saturated sodium chloride aqueous solution and dried over anhydrous magne- 
sium sulfate. The product was purified by silica gel column chromatography by eluting with ethyl acetate and a 95/5 (by 

55 volume) mixture of ethyl acetate/methanol, yielding 6.0 g (0.01 43 mol) of Compound 36 as an oily matter. 

Yield 53% 
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The oompound of the general formula (I) according to the invention may be added to either a photosensitive layer 
or a non-photosensitive layer, preferably a photosensitive layer 

The compound of formula (0 is added in a super-sensitizing amount, typically in an amount of at least 10'^ mol per 
mol of silver. (The amount of the compound added per mol of silver is simply expressed In mol/Ag, hereinafter.) The 
amount of the compound added is preferably 10"^ to 1 mol/Ag, more preferably 10"^ to 0.3 mol/Ag. further preferably 
10'^ to 0.1 mol/Ag although the amount varies depending on the desired purpose of addition such as supersensrtiza- 
tion. The compounds of formula (1) may be used alone or in admixture of two or more. 

As mentioned above, the photothermographic material of the invention contains the compound of formula (I), espe- 
cially the compound of formula (10- Among the compounds of formula (I), the compounds of formula (II) are novel. 
These novel compounds can be used not only in photothermographic materials, but also in general photographic silver 
halide photosensitive materials. The use of the novel compounds in photographic silver halide photosensitive materials 
ensures high sensitivity in the red to Infrared region, especially the practically advantageous infrared region and sup- 
presses a change of photographic performance under different developing conditions. 

Now the invention is described as being applied to a photothermographic system because the photographic silver 
halide photosensitive material of the irrverrtion is preferably a photothermographic photosensitive material. 

Preferably the photothermographic material of the invention has a photosensitive layer containing photosensitive 
silver halide grains on one major surface of a support and a backing layer on the ottier major surface of the support. 
The photothermographic material has a first outer surface on the photosensitive layer-bearing side and a second outer 
surface remote from the photosensitive layer with respect to the support In one preferred emfc)odiment. the coefficient 
of dynamic friction between the first and second outer surfaces is 0.01 to 0.25, more preferably 0.1 to 0.25. The coeffi- 
cient of dynamic friction is determined by placing the first and second outer surfaces in close plane contact under a 
certain weight (a), measuring a force (b) necessary to move one surfeice relative to the other at a predetermined speed, 
and dividing the force (b) by the weight (a), that is. p.^b/a. 

In a further preferred embodiment, the coefficient of static friction between the first and second outer surfaces is 
1 .5 to 5 times greater than the coefficient of dynamic friction. The coefficient of static friction is preferably 0.25 to 0.5. 
The coefficient of static friction is determined by affixing a weight to tiie second outer surface, placing the second outer 
surface in close plane contact with the first outer surfece. gradually inclining the assembly, and measuring the angle of 
Inclination when the weight starts to move down. 

According to tiie invention, the coefficient of friction may be adjusted using matte agents, surfactants, oil. arxJ other 
addenda. 

The matte agents used herein are generally micro-particulate water-insoluble organic or inorganic compounds. 
There may be used any desired one of matte agents, for example, well-known matte agents including organic matte 
agents as described in USP 1,939,213. 2.701,245, 2.322.037, 3,262.782, 3.539,344, and 3.767.448 and inorganic 
matte agents as described in USP 1 ,260.772. 2.192,241 , 3.257,206, 3,370.951 , 3.523.022. and 3,769,020. Illustrative 
examples of the organic compound which can be used as tiie matte agent are given below; exemplary water-dispersible 
vinyl polymers include polymetiiyl aaylate, polymethyl mefliacrylate. polyacrylonltrile, acrylonitrile-a-methylstyrene 
copolymers, polystyrene, styrene-divinylbenzene copolymers, polyvinyl acetate, polyethylene cari3onate, and poly- 
tetrafluoroethylene; exemplary cellulose derivatives include metiiyl cellulose, cellulose acetate, and cellulose acetate 
propionate; exemplary starch derivatives include cartx)xystarch. carboxynltrophenyl starch, urea-formaldehyde-starch 
reaction products, gelatin hardened with well-known curing agents, and hardened gelatin which has been coaceruva- 
tlon hardened into microcapsulated hollow particles. Preferred examples of the Inorganic compound which can be used 
as the matte agent include silicon dioxide, titanium dioxide, magnesium dioxide, aluminum oxide, barium sulfate, cal- 
cium carbonate, silver chloride and silver bromide desensitized by a well-known method, glass, and diatomaceous 
earth. The aforementioned rmtte agents may be used as a mixture of substances of different types if necessary. 

No particular limit is imposed on tiie size and shape of the matte agent. The matte agent used herein may have any 
desired shape, fbr example, spherical and irregular shapes. The matte agent of any particle size may be used although 
matte agents having a particle size of about 0.1 to 30 ^m, especially about 0.3 to 15 iim are preferably used in the 
practice of the invention. The particle size distribution of the matte agent may be either narrow (so-called monodis- 
perse) or wjde. Nevertheless, since tiie haze and surface luster of photosensitive material are largely affected by the 
matte agent, it is prefen^ed to adjust the particle size, shape and particle size disti'lbution of a matte agent as desired 
during preparation of the matte agent or by mixing plural matte agents. 

The amount of the matte agent added is preferably about 5 to 200 mg/m^, more preferably about 10 to 150 mg/m^ 
although the exact addition amount varies witii a particular application of the phototiiermographic material. 

In tiie photothermographic material of the invention, tiie matte agent may be added to any desired layer. Preferably 
the matte agent is added to an outermost surfoce layer, a layer functioning as an outermost surfece layer or a layer 
close to tiie outer surface, and especially a layer functioning as a so-called protective layer. 

In the practice of the invention, the matte agent may be used not only for adjusting a coefficient of friction, but also 
for inproving surface luster, feed and anti-sticking properties. 
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The surfactants used herein may be especmHy 500 to 10.000 seconds is preferred. 

^ nat«i polymer surfactants as describ^ in JpT^toSS^^S^^ i^p ''1°""^*^ ^^^^ '"elude fluori- 
.n JP-A 244945/1985 and 188135^1988. iljSl^^uSLS^^^ 

^andanfonic surfactants as describ^d^n'^^ USP 3.885.965. and polyalKytenl 

10 carbon oils such as wax. " ""'"^^ ahcone fluids such as silicone oil and silicone grease and hydro- 

srtjve s.lver halide-fbrming componem to be describeSS^S^ 
u ' T'"^^ '"^^ « ^~«'°P'n?c^ "«lt2iS^^^^^ '"'^''^^ «n organic silver 

IS coatng ads and other aids. Where two 4ere are pSd Tft^ nh^^^ f T ^^''''^^^ toners, 

poseaaajacert to the suwjort Should contain an or^nir Z J a layer ds- 

or both the layers contain other coireonenis Also /J^TZ 5 ^ ^ second photosensitive layer 

Photosensitive layer containlngSrSS,JS^?^^^ 
hermographicmaterial.acombinalionofStS,a;ei^ 
ta,n an necessary components as describ«l^ usp 8 gls^K^^^ 

Pho^otherrnographic material, photosensitive layers a^rldiiS^^^ t "»"«-«"°r sensitive 

bamer layer therebetween as described in USP 4 4^! 68i ^^PPon^ by pro«d,ng a functional or non-fuiwHonal 

TT^^^'^^^^^^^^^ Tr «^'ch can 

sensitiztng dyes used herein include cyanine ^^31!? *° ♦l^* ^''^er halide grains. The 

dyes, holopolar cyanine dyes styryl dve2^ hemJ^l^ ^ "^P'^ ''y^"'"^ "yes. complex mero^ine 

dyes Which can be used Lr^S^^^T^T^ '"'"''^ Ss^uTseS! 

parirrre-jr^ 
?^5drsi:-;E;-~^^ 

^s^ircSnrsShS^^^ 
=&™ciS^^^ 

and .mriazole nucleus. Prefen-ed examples rtfteSilL^l ' T"""^" •^""o'e. selenawte 

dantoin. modanine. axaajlidinedione mZIST^^^ ^^■^'^'^^''^'''^^ 
nucleus in addition to the above-me^on^^S ntSeus ^^L^^^ tWazolinone, malononitrile. and pyS,ne 
dyes, those having an imino or carboxyl Q^T^^^^n.^^J^K'^.T^'''^ "^"^ mSo^nine 

flS'^^1'^"^''^''''^^^'^ 52387/1994. JP^s'lS^ ^ ^-^S-ll^. «"d 

ferred dye structures are cyanine dves h«/inr, » .i,i-«.u u J * ^^'^1/199*. and 301141/1994 Esoeciaiiv nro 

JP-A 58239/1987. 13863^7^^138242^^ 2^^^ '''^ ^^-^ dyJSSeSTn' 

258757/1994, 317868/1994. and 324421^1 Si" S^Sn^nS "^fT''^' 222491/1994. 230506/199o" 
These sensitizing dyes may be used alone or iT^^JSfl .^? International Patent Application No. 500926/1995 

used for the purpose Of LpersenriSJraSm<?Ssel^r^ 
emulsion may contain a dye Which itsei Ss nS^^^^ 

tially absorb visible light, but is capable of supereS«ti^n f f ^ . °' ^ «'"^°""d "^ich does not sutetan- 

supersensitization, and CMmpound^hoTnaTuoXT/r^f^^^^^^^ =^"^'■^'"9 ^yes. combinations of dyes shwZ 
(December 1978). page ^ jTrjT^sSmi^S^'^^^^^ Vol.'l76 1^' 

...us.rative.non-,im.ngexam^esofthesensit.i:;Sr:^^^^^^^^^ 
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The amount of the sensitizing dye added is preferably about 10'^ to 1 mol. more preferably 10*® to 10'"^ mol, most 
preferably 1 0""* to 1 0"^ mol per mol of the silver halide. 

The sensitizing dye may be added to a silver halide emulsion by directly dispersing the dye in the emulsion or by 

35 dissolving the dye in a solvent and adding the solution to the emulsion. TTie solvent used herein includes water, meth- 
anol, ethanol, propanol, acetone, methyl cellosolve. 2.2,3,3-tetrafluoropropanol. 2,2,2-trifiuoroethanol. 3-methoxy-1- 
propanol, S-methaxy-l-butanol, 1-methQxy-2-propanol, N,N<iimethyHbrmamide and mixtures thereof. 

Also useful are a method of dissolving a dye in a volatile organic solvent dispersing the solution in water or 
hydrophilic colloid and adding the dispersion to an emulsion as disclosed in USP 3,469,987, a method of dissolving a 

40 dye in an acid and adding the solution to an emulsion or forming an aqueous solution of a dye with the aid of an acid or 
base and adding it to an emulsion as disclosed in JP-B 23389/1 969, 27555/1969 and 22091/1982, a method of forming 
an aqueous solution or colloidal dispersion of a dye with the aid of a surfactant and adding it to an emulsion as disclosed 
in USP 3,822.135 and 4.006.025, a method of directly dispersing a dye in hydrophilic colloid and adding the dispersion 
to an emulsion as disclosed in JP-A 102733/1978 and 105141/1983, and a method of dissolving a dye using a com- 

45 pound capable of red shift and adding the solution to an emulsion as disclosed in JP-A 74624/1 976. It is also acceptable 
to apply ultrasonic waves to form a solution. 

The time when the sensitizing dye Is added to the silver halide emulsion according to the Invention is at any step of 
an emulsion preparing process which has been acknowledged effective. The sensitizing dye may be added to the emul- 
sion at any stage or step before the emulsion is coated, for example, at a stage prior to the silver halide grain forming 

so step and/or desalting step, during the desalting step and/or a stage from desalting to the start of chemical ripening as 
disclosed in USP 2.735,766, 3,628.960. 4,183.756, and 4,225,666, JP-A 184142/1983 and 196749/1985, and a stage 
immediately before or during chemical ripening and a stage from chemical ripening to emulsion coating as disclosed in 
JP-A .113920/1983. /Mso as disclosed in USP 4,225,666 and JP-A 7629/1983, an identical compound may be added 
alone or in combination with a compound of different structure in divided portions, for example, in divided portions dur- 

55 ing a grain forming step and during a chemical ripening step or after the completion of chemical ripening, or before or 
during chemical ripening and after the completion thereof. The type of compound or the combination of compounds to 
be added in divided portions may be changed. 

A method for forming a photosensitive silver halide is well known in the art. Any of the methods disclosed in 
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Research Disclosure No. 1 7029 (June 1978) and USP 3.700,458. for example, may be used. Illustrative methods which 
can be used herein are a method of adding a halogen-containing compound to a pre-formed organic silver salt to con- 
vert a part of silver of the organic silver salt into photosensitive silver halide and a method of adding a silver-providing 
compound and a halogen-providing compound to a solution of gelatin or another polymer to form photosensitive silver 
5 halide grains and mixing the grains with an organic silver salt. The latter method is preferred in the practice of the inven- 
tion. 

The photosensitive silver halide should preferably have a smaller grain size for the purpose of minimizing white tur- 
bidity after image formation. Specifically, the grain size is less than 0.20 jim, preferably 0,01 ^un to 0.15 jim, most pref- 
erably 0.02 iim to 0.12 ^m. The term grain size designates the length of an edge of a silver halide grain where silver 

10 halide grains are regular grains of cubic or octahedral shape. Where silver halide grains are tabular, the grain size ts the 
diameter of an equivalent circle having the same area as the projected area of a major surface of a tabular grain. Where 
silver halide grains are not regular, for example, in the case of spherical or rod-shaped grains, the grain size is the diam- 
eter of an equivalent sphere having the same volume as a grain. 

The shape of silver halide grains may be cubic, octahedral, tabular, spherical, rod-like and potato-like, with cubic 

IS and tabular grains being preferred in the practice of the invention. Where tabular silver halide grains are used, they 
should preferably have an average aspect ratio of from 100:1 to 2:1, more preferably from 50:1 to 3:1. Silver halide 
grains having rounded corners are also preferably used. No particular limit is imposed on the face indices (Miller indi- 
ces) of an outer surface of silver halide grains. Preferably silver halide grains have a high proportion of {100} face fea- 
turing high spectral sensitization efficiency upon adsorption of a spectral sensitising dye. The proportion of {100} face 

20 is preferably at least 50%. more preferably at least 65%. most preferably at least 80%. Note that the proportion of Miller 
index {100} face can be determined by the method described In T. Tanl. J. Imaging Sd., 29. 165 (1985). utilizing the 
adsorptiondependency of {111}face and {100} face upon adsorption of a sensitizing dye. 

TTie halogen composition of photosensitive silver halide is not critical and may be any of silver chloride, silver chlo- 
robromide, silver bromide, silver iodobromide. silver iodochlorobromide, and silver iodide. Silver bromide or silver iodo- 

2S bromide is preferred in the practice of the invention. Most preferred is silver iodobromide preferably having a silver 
iodide content of 0.1 to 40 mol%, especially 0.1 to 20 mol%. The halogen composition in grains may have a uniform 
distribution or a non-uniform distribution wherein the halogen concentration changes in a stepped or continuous man- 
ner. Preferred are silver iodobromide grains having a higher silver iodide content in the Interior. Silver halide grains of 
the core/shell structure are also useful. Such core/shell grains preferably have a multilayer structure of 2 to 5 layers. 

30 more preferably 2 to 4 layers. 

Preferably the photosensitive silver halide grains used herein contain at least one complex of a metal selected from 
the group consisting of rhodium, rhenium, ruthenium, osmium, iridium, cobalt, and iron. The metal complexes may be 
used alone or in admixture of two or more complexes of a common metal or different metals. An appropriate content of 
the metal complex is 1x10"^ to IxlO'^ mol, more preferably 1x1 0'® to 1x10*^ mol per mol of silver. Illustrative metal com- 
as plex structures are those described in JP-A 225449/1995. Prefen'ed among cobalt and iron complexes are hexacyano 
metal complexes. Illustrative, non-limiting examples of cobalt and iron complexes include hexacyano metal complexes 
such as ferricyanate. fen^ocyanate, and hexacyanocobaltate ions. The distribution of the metal complex in silver halide 
grains is not critical. That is, the metal complex may be contained In silver hal'de grains to form a uniform phase or at a 
high concentration in either the core or the shell. 

40 Photosensitive silver halide grains may be desalted by any of well-known water washing methods such as noodle 
and f locculation methods although silver halide grains may be either desalted or not according to the invention. 

The photosensitive silver halide grains used herein should preferably be chemically sensitized. Preferred chemical 
sensitization methods are sulfur, selenium, and tellurium sensitization methods which are well known in the art. Also 
useful are a noble metal sensitization method using compounds of gold, platinum, palladium, and iridium and a reduc- 

45 tion sensitization method. In the sulfur, selenium, and tellurium sensitization methods, any of compounds well known 
for the purpose may be used. For example, the compounds described in JP-A 1 28768/1 995 are useful. Exemplary tel- 
lurium sensitizing agents include diacyltellurides. bis(oxycarbonyl)tellurides. bis(carbamoyl)tellurides. bis(oxycarbo- 
nyl)drtellurides. bis(carbamoyOditelIurldes. compounds having a P=Te bond, tellurocaitxsxylic salts. Te- 
organyltellurocarboxylic esters. di(poly)tellurides. tellurides. telluroles. telluroacetals, tellurosulfonates. compounds 

so having a P-Te brand. Te-containing heterocycles, tellurocarbonyl compounds, inorganic tellurium compounds, and col- 
loidal tellurium. The preferred compounds used in the noble metal sensitization method include chloroauric acid, potas- 
sium chloroaurate. potassium aurithiocyanate, gold sulf ide, and gold selenide as well as the compounds described in 
USP 2.448.060 and UKP 618.061. Illustrative examples of the compound used in the reduction sensitization method 
include ascorbic acid, thiourea dioxide, stannous chloride, aminoiminomethane-sulfinic acid, hydrazine derivatives, 

ss boran compounds, silane compounds, and polyamlne compounds. Reduction sensitization may also be accomplished 
by ripening the emulsion while maintaining it at pH 7 or higher or at pAg 8.3 or lower. Reduction sensitization may also 
be accomplished by Introducing a single addition portion of silver ion during grain formation. 

According to tiie invention, tiie photosensitive silver halide is preferably used In an amount of 0.01 to 0.5 mol. more 
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preferably 0.02 to 0.3 mol. most preferably 0.03 to 0.25 mol per mol of the organic silver salt. With respect to a method 
and conditions of admixing the separately prepared photosensitive silver haltde and organic silver salt, there may be 
used a method of admixing the separately prepared photosensitive silver halide and organic silver salt in a high speed 
agitator, ball mill, sand mill, colloidal mill, vibratory mill or homogenizer or a method of preparing an organic silver salt 
by adding a preformed photosensitive silver halide at any timing during preparation of an organic stiver salt. Any desired 
mixing method may be used insofar as the benefits of the invention are fully achievable. 

The organic acid silver used herein is a silver salt which Is relatively stable to light, but forms a silver image when 
heated at SO'^C or higher in the presence of an exposed photocatalyst (as typified by a latem image of photosensitive 
silver halide) and a reducing agent. The organic acid silver may be of any desired organic compound containing a 
source capable of reducing silver ion. Preferred are silver salts of organic acids, typically long chain aliphatic carboxylic 
acids having 10 to 30 cartx}n atoms, especially 15 to 28 carbon atoms. Also preferred are complexes of organic or inor- 
ganic silver salts with ligands having a stability constant in the range of 4.0 to 10.0. A silver-providing substance is pref- 
erably used in an amount of about 5 to 30% by weight of an image forming layer. Preferred organic add silver salts 
include silver salts of organic compounds having a carboxyl group. Examples include silver salts of aliphatic carboxylic 
acids and silver salts of aromatic cartx>xylic adds though not limited thereta Preferred examples of the silver salt of 
aliphatic cartxsxylic add indude silver behenate. silver stearate, silver oleate, silver laurate. silver caproate* silver myr- 
istate. silver palmilate. silver maleate, silver fumarate, silver tartrate, silver linolate, silver butyrate. silver camphorate 
and mixtures thereof. 

In the practice of the invention, silver salts of compounds having a mercapto or thion group and derivatives thereof 
may also be used as the organic silver salt along with the organic acid silver. Preferred examples of tiiese compounds 
include a silver salt of 3-mercapto-4i5henyl-1,2,4-triazole, a silver salt of 2-mercaptoben2imidazole. a silver salt of 2- 
mercapto-5-aminothiadiazole, a silver salt of 2-(ethylglycolamido)benzothiazole. silver salts of tiiioglycolic adds such 
as silver salts of S-alkylthioglycolic acids wherein tiie alkyi group has 12 to 22 carbon atoms, silver salts of dithiocar- 
boxylic acids such as a silver salt of dithioacetic acid, silver salts of tiiioamides, a silver salt of 5-cart>oxyl-1-metiTyl-2- 
phenyl-4-thiopyridine, silver salts of mercaptotriazines. a silver salt of 2-mercaptobenzoxazoie as well as silver salts of 
1.2,4Hnercaptothiazole derivatives such as a silver salt of 3-amino-5-benzylthlo-1.2,4-tiiiazole as described in USP 
4.123.274 and silver salts of thion compounds such as a silver salt of 3-(3-carboxyetiiyl)-4-methyl-4-thiazoline-2-tiiion 
as described in USP 3.301 ,678. Compounds containing an imino group may also be used. Preferred examples of these 
compounds include silver saKs of benzotriazole and derivatives thereof, for example, silver salts of benzotriazdes such 
as silver methylbenzotriazole, silver salts of halogenated benzotriazoles such as silver 5-chlorobenzotriazole as well as 
silver salts of 1 ,2.4-triazole and 1-H-tetrazole and silver salts of imidazole and imidazole derivatives as described in 
USP 4.220,709. Also useful are various silver acetylide compounds as descrbed, for example, in USP 4,761,361 and 
4.775.613. 

TTie organic silver salt which can be used herein may take any desired shape altiiough needle crystals having a 
minor axis and a major axis are preferred. The Inverse proportional relationship between the size of silver salt crystal 
grains and their covering power that is well known for photosensitive silver halkie materials also applies to the photo- 
thermographic material of the present invention. Tliat is. as organic silver salt grains constituting image forming regions 
of photothermographic material increase in size, the covering power becomes smaller and the image density becomes 
lower. It Is thus necessary to reduce the grain size. In the practice of tiie invention, grains should preferably have a minor 
axis of 0.01 |im to 0.20 ^m, more preferably 0.01 fxm to 0. 1 5 ^m and a major axis of 0.1 0 ^m to 5.0 ^m, more preferably 
0.10 vim to 4.0 pm. The grain size distribution is desirably monodisperse. The monodisperse distribution means that a 
standard deviation of tiie length of minor and major axes divided by the length, respectively, expressed in percent, is 
preferably up to 1 00%, more preferably yp to 80%, most preferably up to 50%. It can be detemfilned from tiie measure- 
ment of tiie shape of organic silver salt grains using an image obtained ttirough a transmission electron microscope. 
Another mettiod fbr determining a monodisperse distnlxition Is to determine a standard deviation of a volume weighed 
mean diameter. The standard deviation divided by the volume weighed mean diameter, expressed in percent, which is 
a coefficient of variation, is preferably up to 100%. more preferably up to 80%, most preferably up to 50%. It may be 
determined by irradiating laser light, fbr example, to organic silver salt grains dispersed in liquid and determining ttie 
auto-correlation function of tiie fluctuation of scattering light relative to a time change, and obtaining the grain size (vol- 
ume weighed mean diameter) therefrom. 

The organic silver salt is used in any desired amount, preferably In such an amount as to provide a coverage of 0.1 
to 5 grams, especially 1 to 3 grams per square meter of the photosensitive material. 

The reducing agent fbr the organic silver salt may be any of substances, preferably organic substances, that reduce 
silver ion into metallic silver. Conventional photographic developing agents such as Phenidone®, hydroquinone and 
catechol are useful although hindered phenols are preferred reducing agents. The redudng agent should preferably be 
contained in an amount of 1 to 10% by weight of an image forming layer. In a multilayer embodiment wherein the reduc- 
ing agent is added to a layer other than an emulsion layer, the reducing agent should preferably be contained in a 
slightly higher amount of about 2 to 15% by weight of that layer. 
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For phototh rmographic materials using organic silver salts, a wide range of reducing agents are disclosed. Exem- 
plary reducing agents include amidoximes such as phenyiamidoxime. 2-thienylamidoxime. and p-phenoxyphenylami- 
doxime; azines such as 4-hydrQxy-3,5-dimethoxy-benzaldehydeazine; combinations of aliphatic cartx}xylic acid 
arylhydrazides with ascorbic acid such as a combination of 2.2-bis(hydroxymethyl)propionyl-p-phenylhydrazine with 
ascorbic acid; combinations of polyhydroxybenzenes with hydroxylamine, reductone and/or hydrazine, such as combi- 
nations of hydroquinone with bi5(ethQxyethyl)hydroxylamine, piperidinohexosereductone or fbrmyl-4-methylphenylhy- 
drazine; hydroxamic acids such as phenylhydroxamic acid, p-hydroxyphenylhydroxamic acid, and p-anilinehydroxamic 
acid: combinations of azines with sultonamidophenols such as a combination of phenothiazine with 2,6-dichloro-4-ben- 
zenesuHbnamldephenol: a-cyanophenyl acetic acid derivatives such as ethyl-a-cyano-2-m6thylphenyl acetate and 
ethyl-a-cyanophenyl acetate; bis-p-naphthols such as 2.2-dihydroxy-1,1-binaphthyl. 6,6<libromo-2,2<lihydraxy-1,1- 
binaphthyl, and bis(2-hydroxy-1-naphthyl)methane: combinations of bis-p-naphthols with 1 .3-dihydroxybenzene deriv- 
atives such as 2,4-dihydroxybenzophenone and 2,4-dihydroxyacetophenone; 5-pyrazolones such as 3'methyl-1-phe- 
nyl-5-pyrazolone; reductones such as dimethytaminohexosereductone. anhydrodihydroaminohexosereductone and 
anhydrodihydro-piperidonehexosereductone; sulfonamidephenol reducing agents such as 2.6-dichloro-4-benzenesul- 
fbnamidephenol and p-benzenesulfbnamidephenol; 2-phenylindane-1 ,3-dione, etc.; chromans such as 2,2-dimethyl-7- 
t-butyl-6-hydrQxychroman; 1 ,4-dihydropyridines such as 2,6-dimethoxy-3.5-dicarboethoxy-1,4-dihydropyridine; bisphe- 
nols such as bis(2-hydroxy-3-t-butyl-5-methylphenyl) methane, 2.2-bis(4-hydroxy-3-methylphenyl)propane. 4.4-ethyli- 
dene-bis(2-t-butyl-6-methylphenol), 1 ,1 -bis(2-hydroxy-3,5-dimethylphenyl)-3.5,&;trimethylhexane, and 2,2-bis(3,5- 
dimethyl-4-hydroxyphenyOpropane; ascorbic add derivatives such as 1-ascorbyl palmitate and ascorisyl stearate; alde- 
hydes and ketones such as benzil and diacetyf ; 3-pyrazolidones and certain indane-1 .3-diones; and chromanols (toco- 
pherols). Preferred reducing agents are bisphenols and chromanols, with the bisphenols being especially preferred. 

It is sometimes advantageous to use an additive known as a "toner" for improving images in addition to the above- 
mentioned components. The toner is used in an amount of 0.1 to 10% by weight of tiie entire silver-carrying compo- 
nents. The toners are compounds well known in the photographic art as shown in USP 3,080.254, 3,847,612 and 
4,123.282. 

Examples of the toner include phthalimide and N-hydroxyphthalimide; cyclic imides such as sucdnimide. pyrazo- 
line-5-ones. quinazoline. 3-pheriyl-2i3yrazolin-5-one. 1-phenylurazol, quinazoline and 2,4-thiazolizinedlone; naph- 
thalimides such as N-hydroxy-1.8-naphthalimide; cobalt complexes such as cobaltic hexamine trifluoroacetate; 
mercaptans as exemplified by 3-mercapto-1,2,4-triazole, 2,4-dimercaptopyrimidine, 3-mercapto-4.5-diphenyl-1,2.4-tri- 
azole, and 2,5-dimercapto-1,3,4-tiiiadiazole; N-(aminometiTyl)aryldicarboxyimides such as (N,N-dlmethylaminome- 
thyl)phthalimide and N,N-{dimethylaminomethyl)naphthalene-2,3-dicarboxyimide; blocked pyrazotes, isothiuronium 
derivatives and certain photo-bleach agents such as N,N'-hexamethy{enebi5(1-carbamoyl-3.5-dimetiiylpyrazole), 1.8- 
(3,6-drazaoctane)bis(isothiuroniumtrffluoroacetate) and 2-tribromometiiylsulfbnyl-benzothiazole; 3-ethyl-5-{(3-ethy1-2- 
benzothiazolinylidene)-1-methylethylidene}-2-thio-2,4-oxazolidinedione; phthalazinone, phthalazinone derivatives or 
metal salts, or derivatives such as 4-{1-naphthyl)phthalazinone, 8-chlorophtiialazinone, 5,7-dimethoxyphthalazinone 
and 2.3-dihydro-1 .4-phtiiaIazinedione; combinations of phthalazinone with phtiialic acid derivatives (e.g., phthalic add, 
4-methylphtiialic acid, 4-nitrophthalic add. and tetrachlorophthalic anhydride); phthalazine. phthalazine derivatives or 
metal salts, or derivatives such as 4-(1-naphthyl)phthlazine, 6-chlorophthala^ine. 5.7-dimethQxyphthalazine and 2,3- 
dihydrophthlazine: combinations of phthalazine witii phthalic acid derivatives (e.g., phtiialic add. 4-methy43htiialic add, 
4-nitrophthalic acid, and tetrachlorophthalic anhydride); quinazolinedtone, benzoxazine or naphthoxazrne derivatives; 
rhodium complexes which function not only as a tone regulating agent, but also as a source of halide ion for generating 
silver halide in situ, for example, ammonium hexachlororhodinate (III), rhodium bromide, rhodium nitrate and potassium 
hexachlororiiodinate (III); inorganic peroxides and persulfates such as ammonium peroxide disulfide and hydrogen per- 
oxide; benzoxazine-2,4-diones such as 1 .3-benzoxazine-2,4-dione, 8-metiiyl-1,3-benzoxazine-2.4-dione. and 6-nitro- 
1 .3-benzoxazine-2,4-dione; pyrimidine and asymtriazines such as 2,4-dihydroxypyrimldine and 2-hydroxy-4-aminopyri- 
midine; azauracil and tetraazapentalene derivatives such as 3,6-dimercapto-1,4-diphenyl-1H.4H-2.3a,5,6a-tetraazap- 
entalene. and 1 .4-di(o-chlorophenyl)-3.6-climercapto-1 H,4H-2,3a,5,6a-tetraazapentalene. 

In the thermographic material of the invention, mercapto. disulfide and thion compounds may be added fbr the pur- 
poses of retarding or accelerating development to control development, improving spectral sensitization eff idency, and 
inrv)roving storage stability before and after development. 

Where mercapto compounds are used herein, any structure is acceptable. Preferred are structures represented by 
Ar-SM and Ar-S-S-Ar wherein M is a hydrogen atom or alkali metal atom, and Ar is an aromatic ring or fused aromatic 
ring having at least one nitrogen, sulfur, oxygen, selenium or tellurium atom. Preferred hetero-aromatic rings are benz- 
imidazole, naphthimidazole, benzothiazole, naphthothiazole. benzoxazole. naphthoxazole, benzoselenazole, benzotel- 
lurazole, imidazole, oxazole, pyrrazole. triazole. thiadiazole, tetrazole. ti'iazine. pyrimidine. pyridazine, pyrazlne. 
pyridine, purine, quinoline and quinazolinone rings. These hetero-aromatic rings may have a substituent selected from 
the group consisting of halogen (e.g.. Brand CI), hydroxy, amino. cartx>xy, alkyi groups (having at least 1 carbon atom, 
preferably 1 to 4 carbon atoms), and alkoxy groups (having at least 1 cartx>n atom, preferably 1 to 4 cari3on atoms). 
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Illustrative, non-limiting examples of the mercapto-substituted hetero-aromatic compound include 2-mercaptobenzimi- 
dazole. 2-mercaptobenzoxazole. 2-mercaptok>enzothiazoIe, 2-mercapto-5-methylbenzimidazole, 6-ethoxy-2-mercapto- 
benzothiazole, 2.2'-dithiobis(benzothiazoIe}. 3-mercapto-1 ,2.4-triazole, 4,5-dipheny1-2-lmtdazolethiol, 2- 
mercaptoimidazole, 1 ■ethyl-2-mercaptobenzimldazole, 2-mercaptoquinoline, 8-mercaptopurine, 2-mercapto-4(3H)- 

5 quinazolinone, 7-trrfluoromethyl-4-quinollnethiol. 2,3.5.6-tetrachlQro-4-pyrldinethlol, 4-amino-6-hydroxy-2-mercaptopy- 
rlmidine monohydrate, 2-amino-5-mercapto-1,3,4-thiadiazole, 3-amino-5-mercapto-1,2,4-triazole, 4-hydroxy-2-mer- 
captopyrimidine, 2-mercaptopyrimldine, 4,6-diamino-2-mercaptopyrimidine, 2-mercapto-4Hmethylpyrimidine 
hydrochloride. 3-mercapto-5i3henyl-1.2.4'triazole. and 2-mercapto-4-phenyloxazole. 

These mercapto compounds are preferably added to the emulsion layer in amounts of 0.001 to 1 .0 mol. nrx>re pref- 

10 erably 0.01 to 0.3 mol per mol of silver. 

A surface protective layer may be provided In the photosensitive material according to the present Invention for tiie 
purpose of preventing adhesion of an image forming layer. The surface protective layer may be formed of any adhesion- 
preventing material. Examples of the adhesion-preventing material include wax, silica particles, styrene-containing 
elastomeric block copolymers (e.g., styrene-butadiene-styrene and styrene-isoprene-styrene], cellulose acetate, cellu- 

16 lose acetate butyrate, cellulose propionate and mixtures tiiereof. 

In the emulsion layer or a protective layer therefor according to the invention, tiiere may be used light absorbing 
substances and filter dyes as described in USP 3,253,921 , 2,274.782, 2,527.583. and 2.956,879. The dyestuffs may be 
rhordanted as described iii USP 3,282,699. The filter dye is preferably used in such an amount as to provide an absorb- 
ance of 0.1 to 3, especially 0.2 to 1 .5 at the exposure wavelengtii. 

20 The emulsion layer Is based on a binder. Exemplary binders are naturally occun-ing polymers and synthetic resins, 
for example, gelatin, polyvinyl acetal, polyvinyl chloride, polyvinyl acetate, cellulose acetate, polyolefins, polyesters, pol- 
ystyrene, polyaaylonrtrile. and polycarbonate. Of course, copolymers and terpolymers are included. Preferred poly- 
mers are polyvinyl butyral, knitylethyl cellulose, mettiacrylate copolymers, maleic anhydride ester copolymers, 
polystyrene and butadiene-styrene copolymers. These polymers may be used alone or in admixture of two or more as 

25 desired. The polymer is used in such a range that it may effectively function as a binder to carry various components. 
The effective range may be properly determined by those skilled in tiie art wittiout undue experimentation. Taken at 
least as a measure for carrying the organic silver salt In the film, the weight ratio of the binder to the organic silver salt 
is preferably In the range of from 15:1 to 1 2, more preferattly from 8:1 to 1 :1 . 

In one preferred embodiment, the photothermographic material of the Invention is a one-side photosensitive mate- 

30 rial having at least one photosensitive (or emulsion) layer containing a silver hallde emulsion on one surfeice and a back- 
ing layer on the other surface of the support. 

In the practice of the invention, the binder used in the backing layer is preferably transparent or tianslucent and gen- 
erally colorless. Exemplary binders are naturally occurring polymers, synthetic resins, polymers and copolymers, and 
other film-forming media, for example, gelatin, gum arabic. poly(vinyi alcohoO. hydroxyethyl cellulose, cellulose acetate, 

35 cellulose acetate butyrate. poly(vinyl pyrrolidone). casein, starch, poly(acrylic ackj), poly(methyl methacrylate), polyvi- 
nyl chloride, poly(metiiacrylic add). copoly(styrene-malelc anhydride). copoly(styrene-acrytonitrlle), copoly(styrene- 
butadiene), polyvinyl acetals (e.g.. polyvinyl formal and polyvinyl txityral), polyesters, polyuretiianes, phenoxy resins, 
poly(vinyiidene chloride), polyepoxides. polycarbonates, poly(vinyl acetate), cellulose esters, and polyamides. The 
binder may be dispersed in water to form a dispersion which is coated to form a layer. 

40 The backing layer preferably exhibits a maximum absortsance of 0.3 to 2 in the desired wavelength range, more 
preferably an absorbance of 0.5 to 2 in the IR range and 0.001 to less than 0.5 in the visible range for IR exposure. Fur- 
ther preferably, the backing layer is an anti-halation layer having an optical density of 0.001 to less than 0.3. 

Where anti-halation dyestuffs are used in the practice of tiie invention, such a dyestuff may be any compound which 
has desired absorption, exhibits suff icientiy low absorption in the visible region and provides the backing layer witii a 

45 prefenred absorbance spectrum profile. Exemplary anti-halation dyes are the compounds described in JP-A 
13295/1995, USP 5,380,635, JP-A 68539/1990. page 13. lower-left column to page 14, lower-left column, and JP-A 
24539/1 991 , page 1 4, lower-left column to page 1 6, lower-right column tiiough not limited thereto. 

A backside resistive heating layer as described in USP 4,460.681 and 4,374,921 may be used In a thermographic 
imaging system according to the present invention. 

so Still further, the photothermographic material of the invention may corttain a benzoic acid type compound for the 
purposes of increasing sensitivity and preventing fog. Any of benzoic acid type compounds may be used although 
examples of tiie preferred structure are described in USP 4,784,939 and 4,152.160. Japanese Patent Application Nos. 
98051/1996, 151241/1996, and 151242/1996. The benzoic acid type compound may be added to any site in the pho- 
tosensitive material, preferably to a layer on the same side as tiie photosensitive layer, more preferably an organic stiver 

55 salt-containing layer. The benzoic ackJ type compound may be added at any step in the preparation of a coating solu- 
tion. Where it is contained in an organic silver salt-containing layer, it may be added at any step from the preparation of 
the organic silver salt to tiie preparation of a coating solution, preferat^ly after the preparation of the organic silver salt 
and immediately before coating: The benzoic acid type compound may be added In any desired form Including powder. 
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solution and fine particle dispersion. Atternatively. It may be added in a solution form after mixing it with other additives 
such as a sensitizing dye. reducing agent and toner. The benzoic add type compound may be added in any desired 
amount, preferably 1 iimo\ to 2 mol. more preferably 1 mmol to 0.5 mol per mo! of silver. 

With antifoggants. stabilizers and stabilizer precursors, the silver hallde emulsion and/or organic silver salt accord- 
ing to the invention can be further protected against formation of additional fog and stabilized against lowering of sen- 
sitivity during shelf storage. Suitable antifoggants. stabilizers and stabilizer precursors which can be used alone or in 
combination include thiazonium salts as described in USP 2.131.038 and 2.694.716. azaindenes as described in USP 
2.886.437 and 2.444.605. mercury salts as described in USP 2.728.663, urazdes as described in USP 3 287 1 35 sul- 
fbcatechols as descnbed in USP 3.235.652. oximes. nitrons and nitrolndazoles as described in UKP 623 448 polyva- 
lent metal salts as described in USP 2.839.405. thiuronium salts as described in USP 3,220.839. palladium platinum 
and gold salts as descnlDed in USP 2.566.263 and 2.597,91 5. halogen-substituted organic compounds as described in 
USP 4,108,665 and 4.442.202. triazines as described in USP 4.128.557, 4,137.079. 4.138.365 and 4.459.350 and 
phosphonjs compounds as described in USP 4.41 1 .985, 

Preferred antifoggants are organic halides. for example, the compounds desalbed in JP-A 119624/1975 
120328/1975. 121332/1976. 58022/1979. 70543/1981. 99335/1981. 90842/1984. 129642/1986 129845/1987 
208191/1994. 5621/1995. 2781/1995, 15809/1996, USP 5.340.712. 5,369,000, and 5.464.737. 

In the photosensitive layer, polyhydric alcohols (e.g.. glycerin and diols as described in' USP 2.960.404) fatty acids 
and esters thereof as described in USP 2,588.765 and 3.121.060. and silicone resins as described in UKP 955 061 
may be added as a plasticizer and lubricant. 

According to the invention, a hardener may be used in various layers including a photosensitive emulsion layer pro- 
tective layer, and back layer. Examples of the hardener include polyisocyanates as described in USP 4,281 060 and JP- 
A 208193/1994, epoxy compounds as described in USP 4.791.042, and vinyl suHbnes as described in JP-A 
89048/1987. 

Hydrazine derivatives may be used in the present invention. Typical hydrazine derivatives used herein are com- 
pounds of the general formula (I) described In Japanese Patent Application No. 47961/1994. specifically compounds I- 
1 to 1-53 described therein. f 

Other hydrazine derivatives are also prefen^ed. Exemplary hydrazine derivatives include the compounds of the 
chemical formula [1] in JP-B 77138/1994. more specifically the conpounds described on pages 3 and 4 of the same- 
the compounds of the general formula (I) in JP-B 93082/1994, more specifically compound Nos. 1 to 38 described on 
pages 8 to 18 of the same; the compounds of the general fomiulae (4), (5) and (6) in JP-A 230497/1994, more specif- 
ically compounds 4-1 to 4-10 described on pages 25 and 26. compounds 5-1 to 5-42 described on pages 28 to 36 and 
compounds 6-1 to 6-7 described on pages 39 and 40 of the same; and the compounds of the general formulae (1) and 
(2) in JP-A 289520/1994, more ^ecifically compounds 1 -1 to 1 -1 7 and 2-1 described on pages 5 to 7 of the same- the 
compounds of the chemical formulae [2] and [3] in JP-A 313936/1994. more specifically the compounds described on 
pages 6 to 19 of the same; the compounds of the chemical formula [1] in JP-A 313951/1994, more specifically the com- 
pounds described on pages 3 to 5 of the same; the compounds of the general formula (1) in JP-A 5610/1995 more spe- 
cifically compounds 1-1 to 1-38 described on pages 5 to 10 of the same; the compounds of the general formula (II) In JP- 
A 77783/1995, more specifically compounds ll-l to 11-102 described on pages 10 to 27 of the same; the compounds of 
the general fonnulae (H) and (Ha) in JP-A 104426/1995, more specifically compounds H-1 to H-44 described on pages 
8 to 15 of the same; the compounds having an antonic group in proximity to a hydrazine group or a nonionic group form- 
ing an intramolecular hydrogen bond with the hydrogen atom of hydrazine described in Japanese Patent Application 
No. 191007/1995, specifically the compounds of the general formulae (A). (B), (C). (D). (E), and (F). more specifically 
compounds N-1 to N-30 described therein; and the compounds of the general formula (1) in Japanese Patent Applica- 
tfon No. 191007/1995, more specifically compounds D-1 to D-55 desaibed therein. 

Hydrazine nucleating agents are used by dissolving in suitable water-misclble organic solvents such as alcohols 
{e.g.. methanol, ethanol, propanol. and fluorinated alcohols), ketones (e.g.. acetone and methyl ethyl ketone), dimeth- 
ylformamide, dimethylsuHbxIde. and methyl cellosolve. 

A well-known emulsifying dispersion method is used for dissolving the hydrazine derivative with the akJ of an oil 
such as dibutyl phthalate. tricresyl phosphate, glyceryl triacetate and diethyl phthalate or an auxiliary solvent such as 
ethyl acetate and cyclohexanone whereby an emulsified dispersion is mechanically prepared. Alternatively, a method 
knowvn as a solid dispersion method is used for dispersing the hydrazine derivative in powder form In water in a ball mill 
colloidal mill or ultrasonic mixer. 

The hydrazine nucleating agent may be added to a silver hallde emulsion layer on a support or any hydrophilic col- 
loid layer on the same side, preferably to the silver hallde emulsion layer or a hydrophilic colloid layer disposed adjacent 
thereto. 

An appropriate amount of the nucleating agent is 1 ^imol to 10 mmol, more preferably 10 mhioI to 5 mmol, most pref- 
erably 20 iimol to 5 mmol per mol of silver halid . 

Though not essential, ft is sometimes advantageous to add a mercury (II) salt to the emulsfon layer as an antifog- 
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gant. The mercury (II) salts preferred t this end are mercury acetate arxj mercury bromide. 

According to th invention, th photothermographic emulsion may be coated on a variety of supports. Typical sup- 
ports include polyester film, subbed polyester film, poly(ethylene terephthalate) film, polyethylene naphthalate f ilm, cel- 
lulose nitrate film, cellulose ester film, poly(vinyl acetaQ film, polycartxsnate film and related or resinous materials, as 

5 well as glass, paper, metals, etc. Often used are flexible substrates, typically paper supports, specifically baryta paper 
and paper supports coated with partially acetylated a-olefin polymers, especially polymers of a-olefins having 2 to 10 
carbon atoms such as polyethylene, polypropylene, and ethylene-butene copolymers. The supports are either transpar- 
ent or opaque, preferably transparent 

The photosensitive material of the invention may have an antistatic or electroconductive layer, for example, a layer 

10 containing solut)l6 salts (e.g.. chlorides and nitrates), an evaporated metal layer, or a layer containing ionic polymers as 
described in USP 2.861 ,056 and 3,206,312 or insoluble inorganic salts as described in USP 3,428,451. 

A method for producing color images using the photothermographic material of the invention is as described in JP- 
A 13295/1995, page 10. left column, line 43 to page 1 1 , left column, line 40. Stabilizers for color dye images are exem- 
plified in UKP 1.326,889. USP 3.432,300. 3.698.909, 3.574.627. 3.573,050. 3.764.337, and 4.042.394. 

IS In the practice of the invention, the photothermographic emulsion can be coated by various coating procedures 
including dip coating, air knife coating, flow coating, and extrusion coating using a hopper of the type described in USP 
2,681 .294. If desired, two or more layers may be concurrently coated by the methods desaibed in USP 2,761 .791 and 
UKP 837,095. 

In the photothermographic material of the invention, there may be contained additional layers, for example, a dye 
20 accepting layer for accepting a mobile dye image, an opacifying layer when reflection printing is desired, a protective 
topcoat layer, and a primer layer well known in the photothermographic art. The photosensitive material of the invention 
is preferably such that only a single sheet of the photosensitive material can form an image. That is, it is preferred that 
a functional layer necessary to form an image such as an image receiving layer does not constitute a separate member. 
The photosensitive material of the invention may be developed by any desired method although it is generally 
25 developed by heating after imagewise exposure. The preferred developing temperature is about 80 to 250^*0, more pref- 
erably 100 to 140''C and the preferred developing time is about 1 to 180 seconds, more preferably about 10 to 90 sec- 
onds. 

Any desired technique may be used for the exposure of the photothermographic material of the invention. The pre- 
ferred light source for exposure is a laser, for example, a gas laser, YAG laser, dye laser, and semiconductor laser. A 
30 semiconductor laser combined with a second harmonic generating device is also useful. 

The photosensitive material of the invention may be packaged in any desired form. Preferably the photosensitive 
material takes the form of a sheet. Usually, the photosensitive material is cut into rectangular sheets having rounded 
corners and 50 to 1 ,000 sheets are grouped as a set and wrapped in a package. The package for wrapping the photo- 
thermographic material is made of a material whose percent absorption of light to which the photothermographic mate- 
35 rial is sensitive is higher than 99%, especially 99.9 to 100%. 

EXAMPLE 

Examples of the present invention are given below by way of illustration and not by way of limitation. 
40 The trade names used in Examples have the following meaning. 

Denka Butyral: polyvinyl butyrat by Denki Kagaku Kbgyo K.K. 
BUTVAR: polyvinyl butyral by Monsanto Co. 

Megafax F-176P: fluorinated surfactant by Dai-Nihon Ink Chemk:al Industry K.K. 
45 CAB 171 -15S and 381*20: cellulose acetate butyrate by Eastman Chemteal Products, Inc. 
Sildex H31, H51 and HI 21: spherical silica by Dokai Chemical K.K. 
Sumidur N3500: polyisocyanate by Sumitomo-Bayern Urethane K.K. 

Ex a m p l e 1 

so 

Preparation of silver halide orains 

in 700 ml of water were dissolved 23 grams of phthalated gelatin and 30 mg of potassium bromide. The solution 
was adjusted to pH 5.1 at a temperature of 35*'C. To the solution, 159 ml of an aqueous solution containing 1 8.6 grams 
55 of silver nitrate and an aqueous solution containing potassium bromide and potassium iodkJe in a molar ratio of 92:8 
were added over 10 minutes by the controlled double jet method while maintaining the solution at pAg 7.7. Then. 476 
ml of an aqueous solution containing 55.4 grams of silver nitrate and an aqueous solution containing 11 pmol/liter of 
dipotassium hexachloroiridate and 1 moiyiiter of potassium bromide were added over 30 minutes by the controlled dou- 
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ble jet method while maintaining th solution at pAg 7.7. The pH of the solution was lowered to cause f locculation and 
sedimentation for desalting. The solution was adjusted to pH 5.9 and pAg 8.2 by adding 0.1 gram of phenoxyethanol. 
There were obtained silver iodobromide grains in tiie form of cubic grains having an iodine content of 8 mol% in the core 
and 2 mol% on the average, a mean grain size of 0.06 ^m, a coefficient of variation of projected area of 8%. and a (1 00) 
iace proportion of 89%. 

The thus obtained silver halide grains were heated at 60X, to which 90 ^mol of sodium thiosulfate, 10 nmol of 
2,3,4,5.6-pentafluorophenyldiphenylphosphine selenide. 12 jimol of tellurium compound 1. 4 jimol of chloroauric add. 
and 280 ^imol of thiocyanic acid were added per mol of silver. The solution was ripened for 120 minutes and quenched 
to SO'^C, obtaining a silver halide emulsion. 

Preparation of oryanic acid silver emulsinn 

A mixture of 1 .3 grams of stearic acid, 0.5 gram of arachidic acid, 8.5 grams of behenic acid, and 300 ml of distilled 
water was stin-ed at 90*C for 1 5 minutes. Witii vigorous stirring. 3 1 . 1 ml of 1 N NaOH aqueous solution was added over 
15 minutes to tfie solution, which was cooled to SS'^C. 7 ml of 1 N phosphoric add aqueous solution was added to the 
solution. With more vigorous stirring. 0.12 gram of N-bromosuccinimide was added to the solution and the above-pre- 
pared silver halide emulsion was added in such an amount as to give 2.5 mmol of silver halide. Further, 25 ml of IN 
silver nitrate aqueous solution was added over 2 minutes and stirring was continued for 90 minutes. The solids were 
separated by suction filtration and washed with water until the water filtrate reached a conductivity of 30 ^S/bm. To the 
thus obtained solids was added 37 grams of a 1 .2 wl% butyl acetate solution of polyvinyl acetate, followed by agitation. 
Agitation was stopped and tiie reaction mixture was allowed to stand whereupon it separated into an oil layer and an 
aqueous layer. The aqueous layer was removed together with salts contained tiierein. To the oil layer was added 20 
grams of a 2.5 wt% 2-butanone solution of polyvinyl butyral (Denka Butyral #3000-K), followed by agitation. Then 0.1 1 
mmol of pyridinium bromide perbromide and 0. 1 4 mmol of caldum bromide dihydrate were added thereto togetiier witii 
0.7 gram of methanol, and 40 grams of 2-butanone and 7.8 grams of polyvinyl butyral (BUTVAR® B-76) were further 
added. The mixture was dispersed by means of a homogenizer, obtaining an organic add silver salt emulsion of needle 
grains having a mean minor diameter of 0.04 ^im. mean major diameter of 1 .4 ^ and a coefficient of variation of 28%. 

Preparation of emulsion laver coating solution 

Various chernlcals were added to the above-prepared organic add silver salt emulsion in amounts per mol of silver. 
Witti stirring at 28"C, 9 mg of sodium phenylthiosuHonate, 70 mg of dye 1 (identical witfi D-21 exerrplified above). 32 
mg of dye 2 (identical wrtfi D-8 exemplified above). 15.4 mmol of a compound of formula (I) reported in Table 1 (omitted 
in sample No. 101 and replaced by comparative compounds in sample Nos. 102. 103 and 104), 23 grams of 4-ch!o- 
robenzophenone-2-cartDoxylic acid. 580 grams of 2-butanone. and 220 grams of dimethylformamide were added to tiie 
emulsion, which was allowed to stand for 3 hours. Witii stin-ing. there were further added 7.6 grams of 5-tribromometh- 
ylsulfonyl-2-metiTyltfiiadiazde. 6 grams of 2-tribromometiiylsulfonyIbenzothiazole. 4.8 grams of 4.6-diti'ichloromethyl-2- 
phenyltriazine. 2 grams of disulfide compound 1. 150 grams of 1.1-bis(2-hydroxy-3,5-dimethylphenyl)-3.5.5-trimethyl- 
hexane. 1 gram of Megafax F-176P. 590 grams of 2-butanone. and 10 grams of metiiyi isobutyl ketone. 

Emulsfon surface protective laver co ating solution 

A coating solution was prepared by dissolving 75 grams of CAB 171-15S, 5,9 grams of 4-methylphthaIic acid, 1.5 
grams of tetrachlorophthalic anhydride, 5.5 grams of tetrachlorophtiialic acid, 13 grams of phthalazine, 0.3 gram of 
Megafax F-1 76P, 1 .5 grams of Sildex H31 (spherical silica having a mean partide size of 3 jim). and 6 grams of Sumidur 
N3500 in 3,070 grams of 2-butanone and 30 grams of ethyl acetate. 

Back laver coating solution 

Caldum compound 1 was syntiiesized by adding 167 ml of an aqueous solution containing 0.019 mol of caldum 
chloride and 125 ml of 25% aqueous ammonia to 1 liter of an ethand solution containing 0.08 mol of 3.5-di-tert-butyl- 
catechol, and blowing air into the solution for 3 hours at room temperature. There were precipitated crystals of bis[2- 
(3.5-di-tert-butyl-o-benzoquinonemonoimine)-4,6-di-tert-butylphenolato]caldum (II). 

A back layer coating solution was prepared by adding 12 grams of polyvinyl butyral (Denka Butyral #4000-2). 12 
grams of CAB 381 -20. 1 40 mg of dyestuff 1 . 300 mg of calcium compound 1 . 300 mg of dyestuff 2. 4 mg of dyestuiff 3. 
0.4 gram of Sildex HI 21 (spherical silica having a mean partide size 12 jim). 0.4 gram of Sildex H51 (spherical silica 
having a mean particle size 5 ^im). 0.15 gram of Megafax F-176P. and 2 grams of Sumidur N3500 to 500 grams of 2- 
butanone and 500 grams of 2-propanol and stirring the mixture for dissdving tiie components. 
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Preparation of coated sample 

Onto one surface of a 175-^m thick polyethylene terephthalate support tinted with a blue dyestuff, the emulsion 
layer coating solution prepared above was coated so as to provide a coverage of 2.3 g/m^ of silver. The back layer coat- 
5 ing solution was then coated on the opposite surface of the support so as to provide an optical density of 0.7 at 810 nm. 
Further, the emulsion surface protective layer coating solution was coated onto the emulsion layer to a dry thickness of 
2 ^m. A series of photosensitive materials were obtained in this way (see Table 1). 

The tellurium compound 1. disulfide compound 1, dyes 1 and 2, dyestuffs 1, 2 and 3, and blue dyestuff have the 
structures shown below. 

10 
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telluriiam con^jound 1 disulfide compound 1 




The thus obtained photothermographic photosensitive material samples were examined by the following test. 
55 Evaluation of photographic properties 

A photothermographic materia! sample was exposed to a SSOnim laser beam from a laser diode at an angle of 13"* 
with respect to a vertical plane. Using a heat drum, the sample was heated at 1 1 S^'C fbr 1 5 seconds or at 1 2(yc for 1 5 
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seconds for heat development. The resulting image was measured for sensitivity (S) by means of a densitometer. Note 
that the sensitivity is the inverse of a ratio of the exposure dose providing a density of Dmin + 0.3, and it is expressed 
in a relative value based on a sensitivity of 100 for No. 101 which was developed lao^'CxISs. A sensitivity difference 
(AS) between different developing tenperatures is determined as follows. 

AS = S(120»Cx15s) - S(115'Cx15s) 

The results are shown in Table 1 . 
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* outside the scope of the invention 



45 Comparative compounds W, X, and Y are shown below. 

comparative conpound W (described in JP-A 4241/1990} 

50 H5C2O2CCH2 \ CH2CO2C2HS 

>CH2CH2NC. 

H5C202CCH2 ^ CH2C02C2HS 

55 

comparativ compound X (described In J P-A 341 432/1 993) 
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N-N 
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>— SH 

N 




10 



comparative compound Y 



IS 




NHCNHNH2 

o 



20 



It is evident from Table 1 that the samples using comparative compounds have a low sensitivity and experience a 
marked change of sensitivity with a change of developing temperature whereas the samples using compounds of fbr- 
25 mula (I) having an adsorption promoting group and an electron donative group within a common molecule according to 
the invention have a higher sensitivity and experience a less change of sensitivity with a change of developing temper- 
ature. 



Preparation of orga nic acid silver emulsion 

To 12 liters of water were added 840 grams of behenic acid and 95 grams of stearic acid. To the solution kept at 
90°C. a solution of 48 grams of sodium hydroxide and 64 grams of sodium cartx)nate in 1.5 liters of water was added. 

35 The solution was stirred for 30 minutes and then cooled to 50°C whereupon 1.1 liters of a 1% aqueous solution of N- 
bromosuccinimide was added. With stirring, 2.3 liters of a 17% aqueous solution of silver nitrate was slowly added. 
While the solution was kept at 34°C. with stirring. 1 .5 liters of a 2% aeneous solution of potassium bromide was added, 
over 2 minutes. The solution was stirred for 30 minutes whereupon 2.4 liters of a 1% aqueous solution of N-bromosuc- 
dnimide was added. With stimng, 3.300 grams of a 1 .2 wt% bu^ acetate solution of polyvinyl acetate was added to the 

40 aqueous mixture. The mixture was allowed to stand for 10 minutes, separating into two layers. After the aqueous layer 
was removed, the remaining gel was washed three times with water. There was obtained a gel-like mixture of silver 
behenate, salver stearate, and silver bromide, which was dispersed in 1 ,800 grams of a 2.6% isopropyl alcohol solution 
of polyvinyl butyral (Denka Butyral #3000-K). The dispersion was further dispersed in 600 grams of polyvinyl butyral 
(Oenka Butyral #4000-2} and 300 grams of isopropyl alcohol, obtainir^ an organic acid silver salt emulsion of needle 

45 grains having a mean minor diameter of 0.04 jim. a mean major diameter of 1.2 jim, and a coefficient of variation of 
30%. 

Preparation of emulsion layer coati ng solution 

so Various chemicals were added to the above-prepared organic acid silver salt emulsion in amounts per mol of silver. 
With stirring at 25**C, 10 mg of sodium phenytthiosulfonate, 70 mg of dye A (identical with D-22 exemplified above), 12.4 
mmol of a compound of formula (I) reported in Table 2 (omitted in sample No. 201 and replaced by comparative com- 
pounds in sample Nos. 202. 203 and 204), 26 grams of 4-chlorobenzophenone-2-cart>oxylic acid, 580 grams of 2- 
butanone, and 220 grams of dimethyiformamide were added to the emulsion, which was allowed to stand for 3 hours. 

ss With stirring, there were further added 8 grams of 5-tribromomethylsulfbnyl-2-methylthiadiazole, 6 grams of 2-tribro- 
momethylsulfonylbenzothiazole, 5 grams of 4,6-ditrichloromethyl-2-phenyftriazine, 2 grams of disulfide compound A. 
180 grams of l,1-bis(2-hydroxy-3,5-dimethylphenyl)-3,5,5-trimethylhexane, 5.5 grams of tetrachlorophthalic acid, 12 
grams of phthalazlne, 3 grams of a hydrazine derivative A, 1 .1 grams of Megafax F-1 76P. 590 grams of 2-butanone and 
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1 0 grams of methyl isobutyl ketone. 

Emulsion surface protective layer coating solution 

A coating solution was prepared by dissolving 75 grams of CAB 171-15S, 5.7 grams of 4-methylphthalic add, 1.5 
grams of tetrachlorophthalic anhydride, 0.3 grams of Megafax F-176P. 2 grams of Sildex H31 (spherical silica having a 
mean particle size of 3 \im), and 7.2 grams of Sumidur N3500 in 3.070 grams of 2-butanone and 30 grams of ethyl ace- 
tate. 

Back layer coating solution 

A back layer coating solution was prepared by adding 6 grams of polyvinyl butyral (Denka Butyral #4000-2), 0.2 
gram of Sildex H121 (spherical silica having a mean particle size 12 \im), 0.2 gram of Sildex hH51 (spherical silica having 
a mean particle size 5 \vm), and 0. 1 gram of Megafax F-1 76P to 64 grams of 2-propanol and stinring the mixture for dis- 
solving the components. Further added to the solution were a solution containing 420 mg of dyestuff A in 10 grams of 
methanol and 20 grams of acetone and a solution containing 1 . 1 grams of 3-isocyanatometiiyl-3,5,5-trimethylhexyl iso- 
cyanate in 7 grams of ettiyl acetate. 

Preparation of coated sample 

The support used was a polyethylene terephthalatefilm having moisture-proof subbing layers of vinylidene chloride 
on opposite surfaces. The back layer coating solution was coated on tiie back surface of the support so as to provide 
an optical density of 0.7 at 633 nm. The emulsion layer coating solution prepared above was coated to tiie opposite sur- 
face of the support so as to provide a coverage of 2 g/m^ of silver. The emulsion surface protective layer coating solution 
was coated onto the emulsion layer to a dry thickness of 2 >im, obtaining a series of thermographic photosensitive mate- 
rial samples. 

The dye A, disulfide compound A, hydrazine derivative A, and dyestuff A have the following structure. 
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hydrazine derivative A dye A 




IS 



disulfide compound A dyestuff A 




The thus obtained photothermographic photosensitive nnaterial samples were examined by the following test. 
^ Evaluation of photographin propertfes 

A photothermographic material sample was exposed by means of a 633-nm He-Ne laser sensitometer and heated 
at 115*C for 15 seconds or at 115**C for 20 seconds for heat development. The developed sample was exposed to a 
halide lamp for 15 seconds to decolorize the dyestuff in the backing layer. The resulting image was measured for mlni- 
45 mum density (Dmin), sensitivity (S) and gradation (y) by means of a densitometer. Note that the sensitivity is the inverse 
of a ratio of the exposure dose providing a density of Dmin + 3.0, and it is expressed in a relative value based on a sen- 
sitivity of 100 for No. 201 which was developed at 1 15*Cx20s. Also note that y is the gradient of a straight line connect- 
ing points of density 0.3 and 3.0 on a characteristic curve. A sensitivity difference (AS) and gradation difference (Ay) 
between different developing temperatures are determined as follows. 

so 

AS= S(115»Cx20s) - S{115°Cx15s) 
Ay = y(1 IS'^CxaOs) - y(1 15**Cx15s) 

55 The results are shown in Table 2. 
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Table 2 



Sample No. 


Compound 


Relative sensitivity 


AS 


Gradient 


Ay 
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Compound W 
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12 
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13 


14 
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185 


189 
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13 


14 
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Compound 27 


184 
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3 


13 


14 
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Compound 40 
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185 


9 


9 


11 


2 



* outside the scope of the invention 



It is noted that comparative compounds W. X and Y in Table 2 are the same as in Table 1 . Comparative compound 
Z is shown below. 

Comparative compound Z (described in USP 3»924.955} 




NHNHCHO 



CH2CH2CH2S H 



It is evident from Table 2 that the samples using comparative conrpounds have a low sensitivity and experience a 
marked change of photographic properties with a change of developing temperature whereas the samples using com- 
pounds of formula (I) having an adsorption promoting group and an electron donative group within a common molecule 
according to the invention have a higher sensitivity and contrast and experience a less change of photographic proper- 
ties with a change of developing temperature. 

There has been descried a photosensitive material comprising a spedfic compound of formula (1) which offers a 
higher sensitivity arxl contrast and experiences a less change of photographic properties under different developing 
conditions. 

Although some preferred embodiments have been described, many modifications and variations may be made 
thereto in the light of the above teachings. It is therefore to be understood that within tiie scope of the appended claims, 
the invention may be practiced otherwise than as specifically described. 

Claims 

1. A photothermographic material comprising (a) a reducible silver source, (b) a photocatalyst, (c) a reducing agent, 
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(d) a binder, and (e) at least one compound of the fblloNM'ng general fbrmula (I): 

X-L,-D (I) 

wherein D is an electron donative group of atoms, with the proviso that where D is a hydrazine group which is not 
a part of a semicart)azido group, no oxo group Is substituted to the carbon atom which Is directly attached to a nitro- 
gen atom of the hydrazine. 

X is a group capable of promoting adsorption to silver halide. and 
is a valence bond or a linking group. 

The photothermographic material of claim 1 wherein said electron donative group of atoms represented by D is an 
amino group, a hydrazine group (except for a hydrazine group which is a part of a semlcart^azido group, no oxo 
group is substituted to the carbon atom which is directly attached to a nitrogen atom of the hydrazine), a hydroxy- 
lamino group, a hydroxamic acid group, a semicarbazido group or a hydrQxylsemicart>azido group. 

The photothermographic material of claim 1 wherein said electron derivative group of atoms is represented by the 
fbllowing general fbrmula (D-1). (D-2) or (D-3): 

(D-1) 




(D-2> 



— N— 



^ Re 
— N— C— N— N 

O R9 

wherein each of R^. R2. R3. R4. R5. Re* R?. Rs- ^ ^^9 is a hydrogen atom, an aliphatic hydrocarbon group, an aryl 
group or a heterocyclic group. 

The photothermograpliic material of claim 1 wherein the confounds of formula (I) are compounds of the fbllowing 
general formula (l-a): 



(l-a) 



N 
I 

La-SM, 
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wherein D is as defined In formula (Q, is a valence bond or a divalent or trlvalerrt linking group, L2 is an aJkylene 
group, each of Ra and Rb is a hydrogen atom or monovalent substituent group, and is a hydrogen atom or cat- 
ion, and Ra and Rt, may form a ring, taken together. 

5 5. The photothermographic material of claim 4 wherein said compounds of formula (I) are compounds of the following 
general formula (I-b): 



10 



IS 



Jl ^^N— Lb-D (^■■^) 

Rb I 

L2-SM1 

wherein D Is as defined in formula (I), Ra, Rb* M^, and L2 are as defined in formula (l-a). and is a divalent or tri- 
valent linking group containing at least one carbon atom. 

20 6. The photothermographic material of claim 5 wherein said compounds of formula (I) are compounds of the following 
general formula (II): 



25 



30 



wherein each of R^ and R2 is a hydrogen atom, an aiiphatic hydrocarbon group, an aryl group or a heterocyclic 
group in formula (D-1), R^. R^. M^, and L2 are as defined in formula (I -a). 

35 7. The photothermographic material of claim 6 wherein said compounds of formula (i) are confounds of the following 
general formula (Il-a): 



40 



. . (Il-a) 
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I 

{CH2)pSM, 

wherein Ri and R2 are as defined in the formula (II), is as defined in the formula (l-a), Lc Is an alkylene group, 
letter n is an integer of 0 to 4. p is an integer of 2 to 4, and R is a monovalent substituent group. 

so 8. The photothermographic material of claim 1 wherein the reducible silver source (a) is an organic silver salt, and the 
photocatalyst (b) is a photosensitive silver halide and/or photosensitive silver halide-forming component. 

9. The photothermographic material of claim 2 wherein the organic silver salt is a silver salt of an organic acid. 

55 1 0. The photothermographic material of claim 1 wherein the reducing agent (c) is a bisphenol. 

11. The photothermographic material of claim 1 wherein the electron donative group of atoms represented by D in for- 
mula (t) Is selected from the class consisting of an amino group, a hydrazino group (except for a hydrazine group 
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which is a part of a semicarbazido group, no oxo group is substituted to the carbon atom which is directly attached 
to a nitrogen atom of the hydrazine), a hydroxylamino group, a hydroxamic acid group, a semicart>azido group, and 
a hydroxylsemicaibazido group. 

5 12. The photothermographic material of claim 1 wherein the photocatalyst (b) Is spectrally sensitized in a wavelength 
region of 750 to 1 ,400 nm. 

13. The photothermographic material of claim 1 further comprising (f) at least one hydrazine compound. 

10 14. The photothermographic material of daim 1 wherein the compound of formula (I) Is added in an amount of 10'^ to 
0.1 mol per mol of silver. 

15. A 2,3-dihydrothiazole derivative of the following general formula (II): 



IS 



20 



2ff 



35 



40 



T>=N- 



...(II) 



wherein each of and R2 is a hydrogen atom, aliphatic hydrocarbon, aryl or heterocyclic group. 



Ra and Rb. and and Rg may form a ring, taken together. 
Lb is a valence bond or a linking group. 
L2 is an all^lene group, 

each of Ra and Rb is a hydrogen atom or monovalent substituent group, and 
30 Mi is a hydrogen atom or cation. 

16. The 2,3-dihydrothiazoIe derivative of daim 15 wherein the compound of the general formula (II) are compounds of 
the general formula (Il-a): 



(li-a) 



I 

(CH2)pSM, 

wherein each of R^ and R2 >s a hydrogen atom, aliphatic hydrocaibon, aryl or heterocyclic group. 

45 L^ \san alkylene group, R is a monovalent substituent group, letter n Is an integer of 0 to 4, letter p is an integer 

of 2 to 4. and 

is a hydrogen atom or cation. 

17. A photographic silver halide photosensitive material comprising at least one of the 2.3-dihydrothiazole derivatives 
so of claim 15. 

18. The photographic silver halide photosensitive material of daim 17 which is a photothermographic material. 

55 



50 



liiiiiiiiiiiniiiiiiii 

(11) EP 0 838 722 A3 



(12) EUROPEAN PATENT APPLICATION 

(88) Date of publication A3: (51) Int. Cl.^: G03C 1/498 

28.04.1999 Bulletin 1999/17 

(43) Date of publication A2: 

29.04.1998 Bulletin 1998/18 

(21) Apiidication number: 97118249.8 



(22) Date of filing: 21 .10.1 997 



(84) 


Designated Contracting States: 


• Suzuki, Ryo 




AT BE CH DE DK ES H FR GB GR IE IT Li LU MC 


Minaml-Ashigara-shi, Kanagawa (JP) 




NLPTSE 


• Asanuma, NaoM 




Designated Extension States: 


Mlnaml-Ashlgara-shi, ICanagawa (JP) 




ALLTLVROSI 


• Ikeda, TadashI 
MInamlrAshigara-slii, Kanagawa (JP) 


(30) 


Priority: 22.10.1996 JP 298154/96 


• Hirano, Shigeo 


(71) 




Minaml-Ashlgara-shi, ICanagavva (JP) 


Applicant: 






FUJI PHOTO FILM CO., LTD. 


(74) Representative: 




Kanagawa-ken (JP) 


Hansen, Bernd, Dr. DipK-Chem. et al 
Hoffmann Eltle, 


(72) 


Inventors: 


Patent- und Rechtsanwfllte, 


• 


Okada, HisashI 


Arabellastrasse 4 




MInanni-Ashigara-slil, Kanagawa (JP) 


81925 MQnchen (DE) 



(54) Photothermograpliic material, novel 2,3-diliydrothlazole derivative, and pliotograplilc silver 
haiide pliotosensitive material 



(57) A photothermographic material contains an 
organic silver salt, a photosensitive silver haiide, a 
reducing agent, a binder, and a compound of the for- 
mula: X-Li-D wherein D is an electron donative group of 
atoms, X is an adsorption promoting group to silver hai- 
ide. and L-i is a valence bond or a linking group, it has 
high sensitivity in the red to infrared region and experi- 
ences a minimal change of photographic properties 
under different developing conditions. 



Europdtsches Patentamt 
(1 3) D}Ji European Patent Office 

Office europ^en des brevets 




CO 
< 

CO 
CO 
CO 



Q. 
UJ 



Primed by Xerox (UK) Business Servioss 
2.16.7/3.6 



EP0 838 722 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Applicatfon Number 

EP 97 11 8249 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Categofy) 



Citation of document with indication, wfiere appropriate 
of relevant passages ' 



EP 0 829 753 A (FUJI PHOTO FILM CO 

18 March 1998 

* page 1, line 5 - 
page 1, line 41 
page 3, line 27 
page 6, line 37 

page 7, line 56 . _^ , 

page 17, line 52 line 53 
example 1, samples 110-114 * 
example 2, samples 210-215 * 
claims 1-7,11 * 



LTD, 



line 7 * 
line 43 * 
line 30 * 
line 57 * 
page 15, line 55 



US 4 607 006 A (HIRANO ET AL) 
1 19 August 1986 

column 1, line 9 - line 11 * 

column 1, line 56 - line 62 * 
column 6, line 42 - column 24, line 23 * 
compounds 15,38,44,64,73 * 
column 53, line 54 - column 54, line 38 

column 57, line 31 - line 41 * 
column 59, line 48 - line 61 * 
examples * 
I* claims 1,5,6,8 * 



Relevant 

to claim 



CLASSIFICAHON OF THE 
APPLICATION (!ntCL6) 



1,4-10, 
12-18 



G03C1/498 



15-17 

1,4-10. 
12-14,18 



TECHNICAL FIELDS 
SEARCHED (im.a.6) 



Ge3C 



The present search report has been drawn up for all claims 



MUNICH 



Date ol ccmpMion d Um 



25 February 1999 



CATEGORY OF CITED DOCUMENTS 

X : pdjticularty felsvont if taken aione 

Y : pAftieufarty relevant if oombined with another 

document o( the some category 
A : techno logicaJ background 
O : non-wntten discloiure 
P : intermediate doGument 



Exa/niner 

Binder, R 



T : theory or piincfXe underlymg the invention 
E : earlier patent document, but ptdMiBhed on. or 

efterthefiiingdate 
D : document cited in the oppiication 
L : document cited for other reasons 



St ; merrier of the same patent family, corresponding 
document 



2 



EP 0 838 722 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 97 11 8249 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to olaim 



CU^SIRCATION OF THE 
APPLICATION (lntCL6) 



P,X 



JP 08 137043 A (FUJI PHOTO FILM CO LTD) 
31 May 1996 

* column 1, line 1 - column 3, line 13 * 

* column 19, line 12 - column 38, line 28 

* column 90. line 20 - line 23 * 
& US 5 672 469 A (HIOKI ET AL) 
30 September 1997 

* column 1, line 43 - line 46 * 

* column 11, line 39 - column 17, line 57 
* 

* column 46, line 64 - line 67 * 

* claims 1.5,6 * 

DATABASE WPI 

Section Ch, Week 9040 

Derwent Publications Ltd,, London, 6B; 

Class E13, AN 90-300774 

XPO02094767 

& JP 02 211442 A (FUJI PHOTO FILM CO LTD) 
, 22 August 1990 

* abstract * 

* page 5, right-hand column - page 8, 
right-hand column * 

* examples * 

US 5 030 542 A (NAKAMURA ET AL) 
9 July 1991 

* column 1, line 7 - line 10 * 

* coluimi 2, line 21 - line 26 * 

* column 8, line 41 - column 20, line 60 '* 

* compounds (29) .(30) , (41) * 

* coluimi 30. line 38 - line 62 * 

* column 38. line 38 - line 45 * 

* column 43. line 28 - line 32 * 

* examples 2,4,5 * 

* claims 1.3 * 



The present search report has been drawn up for all claims 



1-3, 
8-11,14 



1-3. 
8-11,14 



1-3, 
8-11.14 



TECHNICAL HELOS 
SEARCHED (lnLa.6) 



15-17 



8 
I 

3 



Plac8 <3t search 



MUNICH 



Date ol corrpletion o( (he March 

25 February 1999 



Binder, R 



CATEGORY OF CITED DOCUMENTS 

X : particular^ reittvant if taken aJone 

Y : particularly reiovant V oombinad with anothar 

dooumant of the »anno category 
A : technok>9ioai bacKground 
O : non-wiitten dtso(a»ure 
P : intermediate document 



T : theory or prinoiple underlying the invention 
E : eajlier patent document, but published on, or 

after the filing date 
0 : document cited in the application 
L : document cited for other reasons 



& : member of the same patont family, oorreapondtng 
document 



3 



EP0838 722 A3 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 97 11 8249 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of reievant paasagea 



Retevant 
to claim 



CUVSSIFICATION OF THE 
APPUCATION (lnLa.6) 



PATENT ABSTRACTS OF JAPAN 

vol. 016, no. 105 (P-1325). 16 March 1992 

& JP 03 280038 A (KONICA CORP), 

11 December 1991 

* abstract * 

* compounds 1-52,1-82, 
11-3,11-4. 11-7,11-9, 11-12, 11-20 * 

V. SUTORIS, A. MALOVIKOVA, J. JAKUBCOVA, 
P. FOLTINOVA. G. BLOCKINGER; 
"Benzothiazole compounds. XV. Nucleophilic 
substitution reactions on benzothiazolium 
salts" 

CHEM. ZVESTI, 

vol. 33, no. 4, 1979, pages 558-568, 
XPO02094766 

* abstract * 

* table 1, compounds 
X,XII.XIV,XVI, XXIII, XXIV * 

* page 563 - page 564 * 

US 4 500 626 A (NAITO ET AL) 
19 February 1985 

* cited in JP-A-8137043 and US-A-5672469 * 

* column 1, line 7 - line 15 * 

* column 2, line 25 - line 38 * 

* claims 1,2,18.25,26 * 



15-17 



15,16 



The present search report has been drawn up for all daims 



1,4-10, 
12-14,18 

1-3, 
8-11,14 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.6) 



MUNICH 



Oafs ot completion c4 the soorch 

25 February 1999 



Binder, R 



CATEGORY OF CITED DOCUMEhfTS 

X : porticularty ralevant S tak«n alone 

Y : particularly mlevant if ooiriiinod with another 

document of the aome category 
A : tachnoiogbaJ background 
O : non-writt«n diaclosura 
P : intermediate document 



T : theory or principle underiying the invention 
E : earlier patent document, but pubSehed on, or 

after the raing dote 
0 : document cited in the application 
L : document cited for other reosone 



& : member of the fl 
document 



• patent famfly, eorrespomSng 



4 



EP0 838722 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 97 11 8249 



The European Patem omce Is in no way liable for these particulars wh«h are m^^^^ 

25-02-1999 



Patent document 
cited in search repo/t 



EP 0829753 
US 4607006 



Publication ' 
date 



Patent family 
member{s) 



A 

A 



18- 03-1998 

19- 08-1986 



Pubh'cation 
date 



JP 10090823 A 
US 5869229 A 



10-04-1998 
09-02-1999 



JP 1711864 C 

JP 3070212 8 

JP 60079348 A 

DE 3436281 A 



11-11-1992 

06- 11-1991 

07- 05-1985 
25-04-1985 



JP 08137043 A 31-05-1996 
US 5030542 A 09-07-1991 



US 



5672469 A 30-09-1997 



JP 
JP 
JP 
OE 



1994929 C 
2037351 A 
7021636 B 
3924955 A 



22-11-1995 

07- 02-1990 

08- 03-1995 
01-02-1990 



US 4500626 A 19-02-1985 



JP 
JP 
JP 
CA 
DE 
EP 



1405343 C 
58058543 A 
62015853 B 
1191375 A 
3277389 A 
0076492 A 



09-10-1987 
07-04-1983 
09-04-1987 
06-08-1985 
29-10-1987 
13-04-1983 



u. For more detaHs about this annex : see Official Journal of (he European Patent Office, No. 12/82 



5 



i PAGE BLANK (PSPto) 



